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IN TRO DUC TION

This re port de scribes the surficial ge ol ogy and Qua ter nary
his tory of the Phillips 7.5-min ute quad ran gle in west-cen tral
Maine.  Surficial earth ma te ri als in clude un con sol i dated sed i -
ments (sand, gravel, etc.) of gla cial and nonglacial or i gin.  Most
of these de pos its formed within the last 25,000 years dur ing and
af ter the lat est ep i sode of gla ci ation in Maine.  Surficial sed i -
ments cover the bed rock over most of the quad ran gle and are
sub ject to many uses and en vi ron men tal con sid er ations.  These
in clude ex trac tion of sand and gravel, de vel op ment and pro tec -
tion of ground-wa ter sup plies, sit ing of waste dis posal fa cil i ties,
and ag ri cul ture.

Field work for this study was car ried out in 2002 for the
STATEMAP co op er a tive be tween the Maine Geo log i cal Sur vey
(MGS) and the United States Geo log i cal Sur vey (USGS).  Two
maps are as so ci ated with this re port.  The geo logic map
(Syverson and Greve, 2003) shows the dis tri bu tion of sed i men -
tary units and in di cates the sed i ment age, com po si tion, and or i -
gin.  It also in cludes in for ma tion about 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 cier ice.  Ice-flow in di ca tors were mea sured us ing com pass
read ings in the field and grouped by lo ca tion (ei ther north or
south of the Sandy River) for anal y sis in the lab.  Dur ing this
study, the deep est striation set was as sumed to rep re sent the old -
est flow event on an out crop with mul ti ple striation sets.  Smaller
striations were as sumed to rep re sent youn ger, over print ing
events that were not vig or ous enough to re move the deeper
striations.  The geo logic map pro vides the ba sis for the dis cus -
sion of gla cial and postglacial his tory pre sented here.  A glos sary 
in Ap pen dix A de fines tech ni cal terms used in this re port and on
the map.

The ma te ri als map (Locke and others, 2003) shows spe -
cific data used to con struct the geo logic map.  These data in clude
ob ser va tions from gravel pits, shovel and au ger holes, con struc -
tion sites, and nat u ral ex po sures along stream banks.  The ma te -
ri als map also shows bor ing logs.  A sand and gravel aqui fer
study by the MGS pro vided ad di tional data on the type and thick -
ness of surficial sed i ments in the quad ran gle (Neil, 2000).

Geo graphic set ting

The map area ex tends from 44o45'00" to 44o52'30" N lat i -
tude, and from 70o15'00" to 70o22'30" W lon gi tude.  It en com -
passes parts of the towns of Avon, Phillips, Sa lem, Strong,
Tem ple, and Weld in Frank lin County.  The vil lage of Phillips is
the only pop u la tion cen ter in the quad ran gle.

The Phillips quad ran gle is lo cated in the west ern high land
re gion of Maine.  The to pog ra phy is hilly across much of the
area.  El e va tions range from about 450 ft (137 m) above sea level
where the Sandy River flows off the east ern part of the map to
2106 ft (642 m) at the sum mit of Day Moun tain.  The Phillips
quad ran gle is in a low area be tween Mt. Abra ham to the north
(4250 ft, 1295 m) and Mt. Blue to the south (3190 ft, 972 m,
Figures 1, 9, and 10).  The Sandy River is by far the larg est river
in the Phillips quad ran gle.  Sev eral smaller streams and brooks
drain the re main der of the map area.  The Sandy River, Mt. Blue
Pond, and nu mer ous trails in the quad ran gle pro vide at trac tive
scen ery and rec re ation op por tu ni ties for tour ists.
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Fig ure 1.  View to the north to ward Mount Abra ham (back ground),
Tory Hill (ridge in the mid dle dis tance), and the Phillips low land (fore -
ground).  Mount Abra ham and Tory Hill in flu enced ice-flow di rec tions
in the area.



Bed rock ge ol ogy

Qua ter nary sed i ments cover the bed rock over much of the
Phillips quad ran gle, but bed rock out crops are com mon on hill
crests and in river val leys (Fig ures 2, 3).  The Phillips pluton is a
small gran ite, granodiorite, and quartz monzonite in tru sion of
De vo nian age that un der lies the cen tral part of the quad ran gle
(Moench, 1971).  The Phillips pluton eas ily un der goes gran u lar
dis in te gra tion, so it is marked by a top o graphic low in the land -
scape.  The sur round ing hills are un der lain by De vo nian
metasedimentary rocks such as phyllite and schist (Moench,
1971).  The meta mor phic rocks are more re sis tant to weath er ing
and ero sion, so they form re sis tant knobs.  Be cause the meta mor -
phic rocks tend to re main in tact, they are more likely to pre serve
gla cial striations that can be used to re con struct for mer ice-flow
di rec tions.

PRE VI OUS  WORK

Stone (1899) con ducted a re con nais sance study of gla cial
grav els in Maine.  Stone (1899, p. 196-197) rec og nized that the
gravel along the up per Sandy River from Farmington Falls to
north of Phillips was gla cial stream sed i ment.  Stone stated that
the Sandy River outwash plain formed as a large gla cial river
drained ar eas north of Phillips and south of Mt. Abra ham. 
Caldwell (1975) made a re con nais sance-level surficial geo logic
map of the study area for the Maine Geo log i cal Sur vey.  Neil
(2000) also com piled a use ful aqui fer map of the Phillips quad -
ran gle for the Maine Geo log i cal Sur vey’s Sig nif i cant Sand and
Gravel Aqui fer Pro ject.  Borns and Calkin (1977) stud ied the
gla cial his tory of west ern Maine.  They rec og nized stream lined
gla cial hills in the Phillips area and ad vo cated an ice-stag na tion
hy poth e sis for deglaciation.  Thomp son (2001) nicely sum ma -

rized the cur rent state of knowl edge about the late-gla cial his tory 
of west ern Maine.

DE SCRIP TION  OF  GEO LOGIC  MAP  UNITS

The surficial de pos its rep re sented on the geo logic map
have been clas si fied on the ba sis of their age and or i 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” - Ho lo cene (postglacial, i.e. formed dur ing the

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

and Ho lo cene ep ochs)

The other let ters in the map sym bol in di cate the sed i ment
type or or i gin of the sed i ment.  For ex am ple, “t” rep re sents gla -
cial till and “g” rep re sents grav elly outwash de pos ited by melt -
wa ter streams.  Surficial map units in the Phillips quad ran gle are
de scribed be low, start ing with the older de pos its that formed in
con tact with gla cier ice.

Till (unit Pt)

Till is sed i ment de pos ited di rectly by gla cier ice that con -
tains a more-or-less ran dom mix ture of sand, silt, clay, and
gravel-sized rock de bris.  Till typ i cally in cludes nu mer ous boul -
ders in west-cen tral Maine.  In fact, boul ders scat tered across the
ground sur face com monly in di cate the pres ence of till in the
Phillips quad ran gle.  Till is the prin ci pal surficial ma te rial cov er -
ing much of the up land por tions of the quad ran gle, and it may
un der lie youn ger de pos its in the val leys.  Some of the till in
Maine may have been de rived from gla cial ero sion of older
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Fig ure 2.  Ex po sure of folded, meta mor phosed bed rock north of Ma drid
Road in the north west ern part of the Phillips quad ran gle.  This rock is
more re sis tant to weath er ing and ero sion than the gran ite in the Phillips
area and gen er ally un der lies high points in the land scape.

Fig ure 3.  Gra nitic bed rock of the Phillips pluton in the Sandy River bed
north west of the High way 149 bridge in Phillips.  Cy lin dri cal pot holes
were abraded by rocks swirl ing in tur bu lent wa ter.  Bed rock “ar mors”
the bed and lim its river ero sion.



surficial sed i ments (ei ther gla cial or non-gla cial), while the re -
main der was eroded di rectly from nearby bed rock sources dur -
ing the lat est gla ci ation.

Ex po sures in the Phillips quad ran gle re veal till at least 20 ft 
(6 m) thick, and well logs in di cate the till may be up to 147 ft (45
m) thick west of Bea ver Pond (Locke and oth ers, 2003).  Bed -
rock is ex posed on the tops of many hills where the till cover is
thin.  A ruled line pat tern on the geo logic map shows ar eas where
bed rock out crops are com mon and/or the till thick ness is in -
ferred to be less than 10 ft (3 m).  

Till prob a bly rests di rectly on bed rock over most of the
quad ran gle.  Till tex ture and struc ture are func tions of the sed i -
ment source and the pro cesses act ing to de posit the sed i ment.  In
the Phillips quad ran gle, the till ma trix is clay-poor and dom i -
nated by sandy or silty-sandy ma te rial as a con se quence of the
ero sion of coarse-grained bed rock.  The till usu ally has lit tle or
no ob vi ous strat i fi ca tion.  In some cases, it is crudely strat i fied
with dis con tin u ous lenses and laminae of silt, sand, and gravel
re sult ing from sort ing by melt wa ter or grav ity flows dur ing de -
po si tion.  Stones are abun dant in the till, and they are mainly
coarse-grained ig ne ous and meta mor phic rocks de rived from lo -
cal bed rock sources.  Most stones in the till are more-or-less an -
gu lar, and some have smooth, flat, stri ated sur faces caused by
subglacial abra sion.

Va ri et ies of till formed be low and above the gla cial ice
sheet in clude lodge ment till, basal melt-out till, and ab la tion till. 
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
(“hard pan”), with a platy struc ture (fissility) ev i dent in the up -
per, weath ered zone.  Basal melt-out till is dif fi cult to iden tify
with cer tainty, but typ i cally shows a crude strat i fi ca tion in her -
ited from de bris bands in the lower part of the gla cier.  Ab la tion
till formed on top of the melt ing gla cier and tends to have a
sand-rich, loose-tex tured ma trix with abun dant stones and
lenses of washed sed i ment.  More than one of these till va ri et ies
may oc cur at a sin gle lo cal ity.  For ex am ple, a thin ve neer of
stone-rich ab la tion till com monly over lies melt-out till (Fig ure
4).

Field ev i dence in south ern Maine and else where in New
Eng land sug gests that till de pos its of two glaciations are pres ent
in the re gion (e.g. Koteff and Pessl, 1985; Thomp son and Borns,
1985a; Weddle, 1989; Weddle, 1992).  The “up per till” was de -
pos ited dur ing the late Wisconsinan glaciation.  The late
Wisconsinan is the lat est gla cial event to cover west-cen tral
Maine ap prox i mately 25,000 to 10,000 years ago.  Ex po sures of
the up per till can be seen in many shal low pits, road cuts, and
tem po rary ex ca va tions.  It is not weath ered (ex cept in the
near-sur face zone of mod ern soil for ma tion) and is usu ally
brown to light ol ive-gray in color.  Lodge ment and ab la tion fa -
cies of the up per till have been rec og nized in the Phillips quad -
ran gle (Syverson and Greve, 2003; Locke and oth ers, 2003).

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 drum lins and other 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 north west 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 depths of 10 ft (3 m) or more.  Within this weath ered
zone, the till is ox i dized and has an ol ive-gray to dark gray -
ish-brown color.  Dark brown iron/man ga nese ox ide stains coat
the sur faces of stones and joints (Thomp son, 1986).  This till is
thought to have been de pos ited dur ing the Illinoian glaciation
prior to 130,000 years ago (Weddle, 1989).  Some silty-sandy till
was ob served in shovel ex ca va tions along the walls of the Sandy
River val ley in the Phillips quad ran gle, but it is un cer tain if this
rep re sents the “lower till” or silt-rich lake sed i ment that was
eroded by the ice and re de pos ited.

End mo raine com plex (Pem)

Dur ing late-gla cial deglaciation as the ice sheet melted, the
ice mar gin re mained for some pe riod of time at cer tain po si tions,
and de bris was de pos ited at that mar gin as a mo raine.  At a lo ca -
tion about one mile north of Phillips, the mar gin was slowed by a
se ries of stream lined hills in a con stricted part of the Sandy River 
val ley.  Here, bouldery diamicton and weakly strat i fied, poorly
sorted sand and gravel form the mo raine mark ing the ice-mar -
ginal po si tion.

Ice-dammed lake sed i ment (unit Pli)

Ice-dammed lake sed i ment is pres ent in the Bean Brook
drain age west of Bean Moun tain and in the Mt. Blue Stream and
Trask Brook low land.  The deep-wa ter por tions of the for mer
lakes are marked by mas sive to lam i nated silt and sandy silt. 
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Fig ure 4. Ab la tion till over basal melt-out till on the north ern part of
Spruce Moun tain.  The lower, more uni form melt-out till unit was de -
pos ited di rectly by gla cier ice and is typ i cal of the gla cial till in the
Phillips quad ran gle.  The up per cob ble- and boul der-rich sed i ment
melted out on top of the gla cier and was sorted by wa ter and grav ity pro -
cesses.



Nearer to the for mer shore lines, the lake sed i ment be comes in -
creas ingly gravel-rich and sand-rich.  For mer shore lines com -
monly are marked by sandy gravel benches (beach de pos its) and
deltaic de pos its.

Ice-con tact stream sed i ment (unit Pgi)

Ice-con tact stream sed i ment is pres ent in nu mer ous places
along the Sandy River val ley walls, gen er ally at el e va tions
slightly higher than the ad ja cent gla cial outwash plain (unit Pg). 
The ice-con tact stream sed i ment con tains highly vari able,
crudely strat i fied sandy gravel and sand that may dis play con -
torted, faulted bed ding (Fig ures 5, 6).  This sed i ment is com -
monly interbedded with sandy ab la tion till and silty lake
sed i ment.  Unit Pgi is pre sumed to have formed where sed i ment
was de pos ited above or ad ja cent to gla cier ice that later melted,
caus ing col lapse of the sed i ment.  Mudflows off the gla cier de -
pos ited the sandy ab la tion till interbeds.  The larg est ac tive
gravel pit in the quad ran gle ex poses up to 80 ft (24 m) of sed i -
ment within this unit.  The ex treme sed i ment vari abil ity can lead
to prob lems when min ing this sed i ment for ag gre gate.

Gla cial stream sed i ment (unit Pgo)

The Sandy River val ley con tains ex ten sive sand and gravel
units de pos ited by gla cial melt wa ter streams.  These outwash de -
pos its un der lie a dis con tin u ous, gently slop ing sur face at el e va -
tions higher than the mod ern river flood plain.  Unit Pgo usu ally
con tains well-rounded gravel or grav elly sand at the sur face. 
The outwash is gen er ally 30-60 ft (9-18 m) thick over bed rock
based on well logs and seis mic data (Neil, 2000; Locke and oth -
ers, 2003), but its max i mum thick ness is not known.  

Ex po sures of unit Pgo were seen in nu mer ous bor row pits
(many of them in ac tive) along the Sandy River val ley. 

Cross-bed ding at these lo cal i ties clearly in di cates gla cial stream
flow down the val ley.  This unit tends to be more washed and less 
vari able than the unit Pgi.  How ever, it com monly con tains more
sand and is lo cated closer to the wa ter ta ble than unit Pgi.

Qua ter nary stream ter race de pos its (Qst)

In cut ting down their chan nels to their pres ent lev els, the
late-gla cial and mod ern Sandy River and its trib u tar ies cut into
gla cial de pos its and built or carved stream ter races along their
paths, parts of which are pre served as el e vated ter races along
mar gins of the mod ern flood plains.  Some of the Qst area may be 
in un dated dur ing ma jor floods, but most ap pear to be high
enough to avoid flooding dur ing nor mal flood events.

Qua ter nary al lu vial fan de pos its (Qf)

Dur ing late-gla cial and mod ern time, streams emerg ing
from steep slopes onto flat-ly ing ar eas de pos ited vari ably sorted
de bris and sed i ment as al lu vial fans.  Some of these fan-shaped
de pos its have al tered the course of the Sandy River.

Wet land de pos its (unit Hw)

Wet land de pos its in the Phillips quad ran gle con tain
fine-grained, or ganic-rich sed i ment de pos ited in low, flat, poorly 
drained ar eas within val leys and small up land bas ins.  The
bound aries of unit Hw were mapped pri mar ily from ae rial pho to -
graphs.  These bound aries are ap prox i mately lo cated and should
not be used rig or ously for land-use zon ing.  There is lit tle in for -
ma tion on the thick ness of wet land de pos its in the quad ran gle,
but the wetlands have been clas si fied by the U.S. De part ment of
the In te rior, Fish and Wild life Ser vice (1994).  A re port by
Cameron and oth ers (1984) de scrib ing peat de pos its in south ern
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Fig ure 5.  Peb ble to cob ble gravel interbedded with silty sand in gravel
pit on Ma drid Road, north west ern part of the Phillips quad ran gle.  Sed i -
ment was de posited above and be side gla cier ice, and the sed i ment beds
col lapsed as the ice melted.

Fig ure 6.  Peb ble to cob ble gravel and sand de pos ited ad ja cent to gla cier 
ice.  The gravel pit is lo cated on Ma drid Road, north west ern part of the
Phillips quad ran gle.



and west ern Maine notes that they usu ally av er age less than 20 ft
(6 m) thick.

Mod ern stream al lu vium (unit Ha)

Mod ern stream al lu vium con tains sand, gravel, silt, and or -
ganic ma te rial de pos ited by streams.  Gravel-rich sed i ment is
com monly over lain by 1-2 ft (0.3-0.6 m) of silty, fine-grained
sand at the sur face.  The fine-grained surficial sed i ment is in ter -
preted as an overbank de posit.  Ac tive gravel bars in the Sandy
River con tain abun dant sandy peb ble-to-cob ble gravel (Fig ure
7).  In the Phillips quad ran gle area, most mod ern stream al lu -
vium is lo cated in the Sandy River val ley.  There is no in for ma -
tion on the thick ness of this unit, but it prob a bly is less than 10 ft
(3 m) thick in most places.

GLA CIAL  AND  POSTGLACIAL  GEO LOGIC 
HIS TORY

The fol low ing re con struc tion of the Qua ter nary his tory of
the Phillips quad ran gle and sur round ing area is based on in ter -
pre ta tions of surficial earth ma te ri als and ice-flow in di ca tors de -
scribed in this re port, as well as pub lished in for ma tion from
sur round ing ar eas of  New Eng land.  It is un cer tain how many
ep i sodes of gla ci ation af fected the study area dur ing the Pleis to -
cene Ice Age.  Till de pos its in west ern Maine clearly re cord the
most re cent (late Wisconsinan) gla ci ation, and prob a bly one ear -
lier event.  The deeply weath ered lower till found else where in
cen tral and south ern New Eng land has also been rec og nized in
this part of the state (Thomp son and Borns, 1985a; Weddle,
1989, 1992).  Al though it is not well dated, the lower till was de -
pos ited dur ing the pen ul ti mate gla ci ation of prob a ble Illinoian
age.

The late Wisconsinan Laurentide Ice Sheet ex panded out
of Can ada and spread into Maine ap prox i mately 25,000 ra dio -

car bon years ago and had reached its max i mum po si tion by
18,000 ra dio car bon years ago (Stone and Borns, 1986; Hunter
and Smith, 2001).  As the gla cier flowed across the state for thou -
sands of years, it 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 sed i ment and
rock de bris.  Ice eroded the weath ered Phillips pluton more ef -
fec tively than the sur round ing metasedimentary rocks and
helped ex ca vate the bowl-shaped low land in which the vil lage of 
Phillips is lo cated.

Nu mer ous fea tures ob served on the quad ran gle can be used 
to de ter mine for mer ice-flow di rec tions on the Phillips quad ran -
gle.  The larg est fea tures are drum lins and flutes that formed be -
neath the gla cier (Syverson and Greve, 2003).  Prom i nent flutes
east of Phillips are nar row, lin ear till ridges 5-10 ft (1.5-3 m) high 
and up to 0.5 mi (0.8 km) long (Borns and Calkin, 1977;
Syverson and Greve, 2003).  The long axes of these drum lins and 
flutes in di cate for mer ice flow to ward the east-south east and
south east (Fig ure 9).  In ad di tion, rock de bris dragged at the base
of the gla cier abraded the bed rock sur face to form grooves,
striations, and crag-and-tail fea tures that are ori ented par al lel to
the for mer ice-flow di rec tion (Fig ure 8).  Striations are best pre -
served on the metasedimentary rocks un der ly ing the high points
in the land scape and in di cate that the en tire land scape was cov -
ered by gla cier ice dur ing the gla cial max i mum.  The geo logic
map shows sites where groove, striation, and crag-and-tail
trends have been re corded (Syverson and Greve, 2003).

The nu mer ous flutes con cen trated in the low-re lief, cen tral
part of the quad ran gle north of the Sandy River in di cate ac tive
ice flow to the east-south east (112< az i muth) dur ing the gla cial
max i mum (Syverson and Greve, 2003, Fig ure 9).  This is more
east erly than the 140° az i muth re gional flow in west-cen tral
Maine shown by Thomp son and Borns (1985b).  The larg est
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Fig ure 8.  Cross-cut ting striations on the north east ern flank of Spruce
Moun tain.  The larg est set (122 de gree az i muth) in di cates south east erly
flow di rectly over Spruce Moun tain.  Smaller, cross-cut ting sets show
ice flow shift ing east ward to 098 de grees and fi nally to 075 de grees as
the ice thinned and flow was re di rected around Spruce Moun tain.

Fig ure 7.  Mi grat ing gravel bar (mod ern stream al lu vium) on the in side
bend of the Sandy River near Avon.
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Fig ure 9.  Ice-flow in di ca tor data north and south of the Sandy River, Phillips quad ran gle.  Ice flow south of the Sandy River was
south east dur ing the flow max i mum (di rectly over Spruce/Day Moun tains, as in di cated by large striae, grooves, and flutes).  Ice north
of the Sandy River flowed in a more east erly di rec tion through the low land be tween Tory Hill and Spruce/Day Moun tains (Fig ure
10A).  Smaller, youn ger striae re veal more east erly and vari able flow di rec tions later dur ing the deglaciation se quence as the thin ning
ice was de flected more by the land-sur face to pog ra phy.  This is seen on the north east ern flank of Spruce Moun tain where cross-cut -
ting striae in di cate a 47o change in ice-flow di rec tion.  The vec tor mean for each rose di a gram is shown with a gray ar row and its as so -
ci ated com pass azimuth; n is the num ber of di rec tional in di ca tors used to cre ate each plot; the range of az i muths mea sured for each
cat e gory (i.e. scat ter) is also pro vided.  El e va tion data are in feet above sea level.  Mod i fied from Greve and Syverson (2003).



grooves and striations north and south of the Sandy River have
vec tor means of 115° and 131°, re spec tively (Fig ure 9).  

The drum lins, flutes, large striations, and crag-and-tail fea -
tures south of the Sandy River in di cate south east erly flow (122°
and 131° az i muths) di rectly over Spruce and Day Moun tains
dur ing the flow max i mum (Fig ures 9, 10A).  How ever, north of
the Sandy River, these same “ma jor” fea tures in di cate more east -
erly flow (112° and 115° az i muths), and these trends are dis cor -
dant with the typ i cal 140° ice-flow az i muths shown by
Thomp son and Borns (1985b) for west ern Maine.  This sug gests
that dur ing the flow max i mum, ice was be ing fun neled into the
east-west-trending Sandy River val ley be tween the top o graphic
highs of Mt. Abra ham to the north and Mt. Blue, Day Moun tain,
and Spruce Moun tain to the south (Fig ure 10A).  This chan nel -
ing of ice is sim i lar to that noted by Thomp son and Fowler
(1989) in the Androscoggin River val ley and by Syverson
(1995) in south east ern Alaska.  

Less dis tinct, youn ger striations north and south of the
Sandy River have vec tor means of 108° and 117°, re spec tively

(Fig ure 9).  The small striation ori en ta tions ex hibit more scat ter
than the larger striations and grooves (e.g. north of the Sandy
River, the range for small striations is 80°, and the range for large 
striations/grooves is 29°, Fig ure 9).  Cross-cut ting striation sets
on the north west ern flank of Spruce Moun tain re veal the sig nif i -
cance of this data (Fig ures 8,  9).  There the deep est striation set
in di cates ice flow to ward the south east (122° az i muth) di rectly
over Spruce Moun tain.  How ever, smaller (and youn ger)
striation sets cross cut ting the pre vi ous set re veal a pro gres sive
change in ice flow to ward 098° and 075° az i muths (east to
east-north east).  This 47° change in ice-flow di rec tion oc curred
as ice thinned af ter the flow max i mum.  As the ice thinned, Tory
Hill, Bean Moun tain, Spruce Moun tain, Mt. Blue, and Blue berry 
Moun tain emerged from the ice and a rather iso lated mass of ice
was pres ent in the low land un der lain by the Phillips pluton.  The
hills sur rounded by gla cier ice (nuna taks, Fig ure 10B) and the
high-re lief subglacial land-sur face to pog ra phy ex erted more
con trol on the ice-flow di rec tion (Fig ures 9, 10B).  The ice could
no lon ger flow south east ward di rectly over Spruce Moun tain, so
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Fig ure 10.  Re gional ice-flow re con struc tions based on Phillips quad ran gle data.  A) Ice flow dur ing a late-gla cial max i mum.  Thick
ice com pletely cov ers the top o graphic highs.  Ice flows di rectly over Mt. Blue, Spruce Moun tain, and Day Moun tain at this time, but
flow is de flected to the east down the Sandy River val ley be tween these high lands and Mt. Abra ham to the north.  B) Ice flow dur ing
deglaciation.  Hills (gray color) emerge from the ice as nuna taks (rock "is lands" sur rounded by gla cier ice).  Nuna taks and subglacial
to pog ra phy in creas ingly de flect lo cal ice-flow di rec tions, form ing the smaller, youn ger striations ob served in the Phillips quad ran gle
re gion.  Mod i fied from Greve and Syverson (2003).
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it was de flected to the east-north east into the Sandy River low -
land (Greve and Syverson, 2003).

This deglaciation pat tern is sim i lar to that ob served in a
high-re lief part of Gla cier Bay, Alaska (Syverson, 1995).
Syverson’s work at Bur roughs Gla cier was based on his tor i cal
re cords of gla cier flow span ning more than a cen tury (Mickelson 
and Ham, 1995).  Syverson, work ing in an area with sim i lar re -
lief to the Phillips quad ran gle, showed that 490-ft-high (150 m)
hills on the gla cier bed in flu enced ice flow dur ing the ice max i -
mum, even when they were cov ered by 980 ft (300 m) of ice. 
How ever, flow di rec tions changed up to 105° as the hills
emerged from the ice (Syverson, 1995).  He dem on strated that
small striations formed dur ing the very late stages of
deglaciation when ice thick ness was not much greater than 100 ft 
(30 m) and ice-flow ve loc i ties were less than a few me ters per
year.  Very small striations in many parts of the Phillips quad ran -
gle prob a bly formed in a sim i lar man ner be neath thin,
slow-mov ing ice.  This im plies that ice con tin ued to ac tively
flow (at a very slow rate) as the ice re treated, and did not un dergo 
large-scale stag na tion.  This is sup ported by the lack of ice-dis in -
te gra tion land forms in the quad ran gle.

Melt wa ter from north of Tory Hill flowed into the Sandy
River low land, and ice di verted the wa ter to the east into Bean
Brook, as rec og nized by Caldwell (1975).  Wa ter flow ing along
the ice mar gin de pos ited ice-con tact stream sed i ment (unit Pgi)
that is abun dant in the north west ern part of the quad ran gle. 
Melt wa ter in Bean Brook en coun tered an ice mar gin north west
of Bean Moun tain and a small ice-dammed lake formed.  This
lake drained south to ward Avon (Syverson and Greve, 2003). 
An ice-dammed lake in the Mt. Blue Stream/Trask Brook low -
land formed around this time as well with its high est shore line at
ap prox i mately 1005 ft (306 m) a.s.l.  This lake must have drained 
via supraglacial and ice-mar ginal chan nels along the north west -
ern side of Spruce Moun tain.  Scour ing of Mt. Blue Stream down 
to the bed rock sur face may have oc curred at this time.  Silt and
sandy gravel were de pos ited in these lakes (unit Pli).  Cer tainly
many other sim i lar lakes must have ex isted on the Phillips quad -
ran gle dur ing deglaciation, but these lakes tend to be short-lived, 
drain in stages with mul ti ple lower lake lev els, and leave few
traces (John son, 1997; Syverson, 1998).

A rhyth mi cally bed ded fine-grained sand, silt, and clay unit 
is pres ent at el e va tions be tween 460-480 ft (140-146 m) a.s.l.
west of Avon (Fig ure 11).  The bur ied sed i ment is at least 5 ft (1.5 
m) thick and in places con tains suf fi cient silt and clay to form re -
sis tant shelf-like fea tures in the Sandy River.  The ap prox i mate
el e va tion range of the ma rine limit in the Kennebec River drain -
age north east of Avon is sim i lar to the el e va tion of this
fine-grained sed i ment in the Phillips quad ran gle (T. Weddle,
2003, per sonal com mu ni ca tion).  Thus, this sed i ment might rep -
re sent glaciomarine sed i ment of the Presumpscot For ma tion at
the ma rine limit.  Al ter na tively, the vil lage of Strong to the east is
built on a pro nounced outwash ter race at an el e va tion of 500-520 
ft (152-158 m) a.s.l.  This outwash from the Bean/Val ley Brook
drainages might have dammed the Sandy River and formed a

lake ex tend ing to the west into the Phillips quad ran gle re gion. 
The fine-grained sed i ment could have been de pos ited in this
lake.  It is un cer tain which in ter pre ta tion is most rea son able
with out fos sil ev i dence.

The youn gest gla cial melt wa ter sed i ment in the quad ran gle 
is the outwash (unit Pgo) along the Sandy River val ley.  This sed -
i ment was trans ported into the Sandy River val ley and filled the
val ley with outwash to a level higher than the mod ern river level.  
As the gla cier ice re treated to the north west from the map area,
less sed i ment was sup plied to the Sandy River, and the Sandy
River started to erode down ward into the outwash plain.  Wood
bur ied by 8 ft (2.4 m) of silty, fine-grained sand was en coun tered
in the banks of the Sandy River ap prox i mately 0.6 mi (1 km)
west of Avon (see Syverson and Greve 2003; Locke and oth ers,
2003 for lo ca tions).  The bur ied wood, lo cated at the mod ern
river level, was sam pled and dated us ing the ra dio car bon method 
(3080 ± 70 ra dio car bon years be fore pres ent [14C yr B.P.], sam -
ple GX-29280; 1610 ± 70 14C yr B.P., sam ple GX-29476; mod -
ern, sam ple GX-29477).  The ages of these wood sam ples
in di cate that the Sandy River had in cised to its mod ern level by at 
least 3100 ra dio car bon years ago.

The min i mum age of gla cial re treat from the Phillips quad -
ran gle can be es ti mated from ra dio car bon dat ing of or ganic ma -
te rial in lake-bot tom sed i ments de pos ited soon af ter
deglaciation.  Borns and oth ers (in re view) re ported an age of
12,000 14C yr B.P. (sam ple AA-9506) for terrigenous veg e ta tion
at Spencer Pond, an up land lake lo cated 17 mi (27 km) west of
the vil lage of Phillips.  Based on this date and other ra dio car bon
dates, Borns and oth ers (in re view) sug gest that the Phillips
quad ran gle re gion was deglaciated be tween 12,800 and 12,000
14C yr B.P.  Sed i ments were de pos ited in wetlands (unit Hw) and
flood plains (unit Ha) soon af ter deglaciation, and these sed i -
ments con tinue to ac cu mu late in those en vi ron ments to the pres -
ent day.
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Fig ure 11.  Lam i nated silt, sand, and clay north of the Sandy River near
Avon.  Lay ers with dif fer ent par ti cle sizes in di cate chang ing wa ter ve -
loc i ties in a lake (or pos si bly ma rine) en vi ron ment.  Cap of pen for
scale.



DAGGET  ROCK

The most fa mous geo log i cal site in the Phillips quad ran gle
is Dagget Rock (some times re ferred to as Daggett’s Rock). 
Dagget Rock, lo cated on Wheeler Hill Road in the north east ern
part of the quad ran gle, is thought to be the larg est gla cially trans -
ported er ratic in the State of Maine (Fig ure 12).  Dagget Rock is
ap prox i mately 80 ft (24 m) long, 30 ft (9 m) wide, and 25 ft (8 m)
high, and it has bro ken into three pieces since com ing to rest. 
The rock is made of gran ite with some feld spar crys tals more
than 1 inch (2.5 cm) long.  The gran ite may be de rived from the
Redington pluton in the Saddle back Moun tain area to the north -
west (D. Reusch, 2003, per sonal com mu ni ca tion).

Dagget Rock has been a tour ist lo cal ity since the late
1800s, as in di cated by many old post cards of the fea ture.  To day
Dagget Rock is ac ces si ble via a pub lic path ap prox i mately 1/3
mile (0.5 km) long that ex tends west from a trailhead and park ing 
area on Wheeler Hill Road.  The best time of the year to view
Dagget Rock is when de cid u ous leaves have dropped from the
trees.

ECO NOMIC  GE OL OGY

Sand and gravel sup plies are plen ti ful in parts of the
Phillips quad ran gle, es pe cially in ice-con tact sed i ments in the
north west ern part of the Sandy River val ley (unit Pgi, Fig ures 5,
6).  Nu mer ous bor row pits al ready have been opened in these de -
pos its.  Gravel is also abun dant in ac tive bars within the mod ern
Sandy River val ley (mod ern stream al lu vium, unit Ha, Fig ure 7),
and some land own ers mine small amounts of gravel from these
bars.  His tor i cally, large amounts of gravel have been ob tained
from bars in the Sandy River to the south, but re cent con cerns
about riv er bank ero sion have ended this prac tice.  Gravel-rich

Ho lo cene al lu vium lo cated above the ac tive chan nel com monly
has 2-4 ft (0.6-1.2 m) of silty fine-grained sand at the sur face that
is un suit able for many eco nom i cal uses.

Small pits have been opened in gla cial till de pos its.  The
sandy till in this area packs well and is of ten well suited for fill,
es pe cially along small log ging roads.  It may also pro vide fa vor -
able sites for sep tic tank ab sorp tion fields.

ERO SION  ALONG  THE  SANDY  RIVER

Riv er bank ero sion prob lems are se vere along some seg -
ments of the Sandy River.  Dur ing field work for this study, ef -
forts were made to de scribe the stream banks (height, slope,
stra tig ra phy, sta bil ity) and gravel bars along the Sandy River. 
These data have been com piled in a com puter spread sheet that
may be re quested from the au thors.

Ar eas of great est ero sion are on the out sides of stream me -
an ders where outwash (unit Pg) or mod ern stream al lu vium (unit
Ha) is pres ent.  This ma te rial is eas ily eroded dur ing floods. 
Roots hold the up per most parts of the sed i ment to gether, but
com monly stream ero sion un der cuts the root mats, and even tu -
ally the root mats and sed i ments slump into the river.  As these
slump blocks erode, the river then con tin ues to erode the stream
bank out ward and the chan nel mi grates.  This type of ero sion is
ac tively en gulf ing land along the Sandy River.

Bed rock is ex posed along parts of the bed and banks of the
Sandy River from the north west ern part of the quad ran gle down -
stream to the vil lage of Phillips (Syverson and Greve, 2003;
Locke and oth ers, 2003).  These parts of the river bed and river
banks are re sis tant to ero sion and com monly form rap ids (as seen 
from the high way bridges in Phillips).  Large, cy lin dri cal pot -
holes are vis i ble in the rap ids up stream from the High way 149
bridge in the vil lage of Phillips (Fig ure 3).  These pot holes are
ev i dence for ver ti cal bed rock abra sion caused by rocks swirl ing
in tur bu lent wa ter ed dies.  When bed rock is pres ent in the stream
bed, this con trols the amount of downcutting that can oc cur
along the river.  Bed rock ex posed in the river banks re duces the
amount of sed i ment sup plied to the river.
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Fig ure 12.  Dagget Rock, lo cated on Wheeler Hill Road in the north east -
ern part of the quad ran gle, is thought to be the larg est gla cially trans -
ported er ratic in the State of Maine.  It has split apart since com ing to
rest (photo by W. B. Thomp son).
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AP PEN DIX A
GLOS SARY  OF  TERMS  USED  ON  MAINE  GEO LOG I CAL  SUR VEY  SURFICIAL  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 sed i 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.  

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

Clast:  peb ble-, cob ble-, or boul der-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-sup ported:  re fers to sed i 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 sed i ment load.  Gla cially de -
pos ited del tas in Maine usu ally con sist of two parts: (1) coarse,
hor i 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 foreset beds de pos ited on the ad vanc ing delta front.

De posit:  gen eral term for any ac cu mu la tion of sed i ment,
rocks, or other earth ma te ri als. 

Diamicton:  any poorly-sorted sed i 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 sed i 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 sed i ment de pos ited at the mar gin
of a gla cier.  Usu ally con sists of till and/or sand and gravel in var -
i ous pro por tions.

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

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

Esker:  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 eskers in clude vari able amounts of sed i -
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.

Glaciolacustrine:  re fers to sed i ments or pro cesses in volv -
ing a lake which re ceived melt wa ter from gla cial ice.

Glaciomarine:  re fers to sed i 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 outwash:  same as outwash head.

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

Ice age:  see Pleis to cene.

Ice-con tact:  re fers to any sed i men tary de posit or other
fea ture that formed ad ja cent to gla cial ice.  Many such de pos its
show ir reg u 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 reg u lar, left by the melt ing of a mass
of gla cial ice that had been sur rounded by gla cial sed i ments.
Many ket tles now con tain ponds or wetlands.

Ket tle hole:  same as ket tle.

Lac us trine:  per tain ing to a lake.
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Late-gla cial:  re fers to the time when the most re cent gla -
cial ice sheet was re ced ing from Maine, ap prox i mately
15,000-10,000 years ago.

Late Wisconsinan:  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 (approx. 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 sed i ments and may con tain
clasts.

Ma trix-sup ported:  re fers to any sed i 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 sed i ment,
but of ten used as short form of “end mo raine.”

Morphosequence:  a group of wa ter-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 tic u lar po si tion of a gla cier mar gin.  The depositional pat -
tern of each morphosequence was usu ally con trolled by a lo cal
base level, such as a lake level, to which the sed i ments were
trans ported.

Outwash:  sed i ment de rived from melt ing gla cial ice, and
de pos ited by melt wa ter streams in front of a gla cier.

Outwash head:  the end of an outwash de posit that was
clos est to the gla cier mar gin from which it orig i nated.  Ice-con -
tact outwash heads typ i cally show steep slopes, ket tles and hum -
mocks, and/or boul ders dumped off the ice.  These fea tures help
de fine for mer 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 riod be tween 2-3 mil lion
years ago and 10,000 years ago, dur ing which there were sev eral
glaciations.  Also called the “Ice Age.”

Proglacial:  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 Ho lo -
cene. 

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

Sub aque 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.  Sim i lar to a delta, but was not
built up to the wa ter sur face.

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

Till:  a het er o ge neous, usu ally non-strat i fied sed i 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 con tact:  the more-or-less hor i zon tal
bound ary be tween topset and foreset beds in a delta.  This
bound ary closely ap prox i mates the wa ter level of the lake or
ocean into which the delta was built.
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