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IN TRO DUC TION

The West New field 7.5' quad ran gle lies on the Maine- New
Hamp shire bor der ap proxi mately 50 miles west of Port land.  The 
area is pre domi nantly ru ral in char ac ter with only a few very
small vil lages such as West New field and Par sons field.

Sur fic ial map ping was con ducted dur ing the sum mers of
1991 through 1994 as part of the CO GEO MAP pro gram of the
Maine Geo logi cal Sur vey and the U.S. Geo logi cal Sur vey.  Both
sur fic ial geo logic and ma te ri als maps (New ton, 1997, 1998)
have been pre pared at a scale of 1:24,000 us ing the 1983 USGS
Pro vi sional Edi tion of the West New field quad ran gle as a base
map.  Un for tu nately, the con tour lines on this map fail to ade -
quately show a lot of the fine de tails of the to pog ra phy.  For ex -
am ple, a ma jor es ker sys tem which shows clearly on the
New field 15' topo graphic map is not shown at all on the newer
7.5' quad ran gle cov er ing the same area.

This re port de scribes map ping units and de tails the gla cial
and post gla cial his tory of the area.  Pre vious work in the quad -
ran gle was done by Stone (1899) and Smith (1977).

PHYSIOGRAPHY

The land scape in the quad ran gle can be char ac ter ized as
roll ing hills with as much as 800 ft of re lief.  The area lies along
the NE- SW trend ing di vide be tween the Os sipee and Lit tle Os -
sipee Riv ers.  The South River in the north west cor ner of the map 
flows from Prov ince Lake north ward to ward the Os sipee River,
while south east of the di vide a se ries of par al lel streams (Pen -
dex ter Brook, Chel lis Brook, Moul ton Brook, and Branch
Brook) flow to wards the Lit tle Os sipee River.  Most of the
stream val leys have a strong NW- SE ori en ta tion and tend to
have rela tively broad flat bot toms which are com monly oc cu -
pied by nu mer ous wet lands.  Many of the val leys ap pear to con -
tinue across the drain age di vide thus form ing poorly- defined
through val leys mainly ori ented along the NW- SE trend.

The low est ele va tion is in the north west cor ner of the map
where the South River ex its the quad ran gle at an ele va tion of 420 
ft.  The high est ele va tion is the sum mit of Wig gin Moun tain, lo -
cated in the cen ter of the quad ran gle at an ele va tion of 1,298 ft.

There are a number of lakes and ponds through out the area.
The larg est of these is Prov ince Lake which lies mainly in New
Hamp shire.  Many of the lakes and ponds are in flu enced by small 
dams.  Bel leau Lake, also lo cated in New Hamp shire, was
formed in large part by the flood ing of a number of small kettle-
 hole ponds when a small dam was con structed in the 1960's.  In
some cases lakes cre ated by dams have re turned to their origi nal
wet land con di tion due to the fail ure of the dams.  This ap pears to
be the case for a lake shown on some of the older maps in the
north west cor ner of the quad ran gle where there is a wet land to -
day.

BEDROCK  GEOLOGY

Gil man (1991) mapped the bed rock ge ol ogy of the New -
field 15' quad ran gle.  Most of the quad ran gle is un der lain by ig -
ne ous and meta mor phic rocks of Si lu rian and De vo nian age.
Gran itic rocks of the New Hamp shire plu tonic se ries (De vo nian
to Car bon if er ous) out crop in the north, west, and cen tral parts of
the quad ran gle, while Silurian- age Rindge mere For ma tion out -
crops over much of the re main ing area.  Bands of rusty-
 weathering sul fidic schist of the lower mem ber of the Rindge -
mere For ma tion out crop in the north east cor ner of the quad ran -
gle.  This unit also in cludes lime- silicate granu lite.  In gen eral,
out crops of the Rindge mere For ma tion are mod er ate to highly
weath ered.

The gran itic rocks are part of the Effing ham plu ton that ex -
tends across the bor der into New Hamp shire as far west as the
Os sipee Moun tains.  This is pre domi nantly a light gray bi nary
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gran ite which av er ages 30% quartz, 45% K- feldspar, 15% pla -
gio clase, 10% mica, and 3% ac ces sory min er als (Gil man, 1991).

SURFICIAL  GEOLOGY

Till

Till (map unit Pt) is un sorted and gen er ally un strati fied
sedi ment de pos ited di rectly by the gla cial ice.  It man tles much of 
the bed rock sur face ex cept at higher ele va tions and on steeper
slopes where bed rock is ex posed at the land sur face.  In the West
New field quad ran gle, till is ex posed at the sur face over more
than 50% of the area.  In ad di tion, a thin layer of till is found fre -
quently be tween glacial- fluvial sand and gravel de pos its and
bed rock.

Till can be de pos ited in a number of dif fer ent ways and may 
have a wide range of char ac ter is tics.  Lodge ment till  is de pos ited 
di rectly be neath ac tively mov ing ice and there fore tends to be
com pact, with a rela tively high con cen tra tion of silt and clay (up
to 50%).  Ab la tion till ac cu mu lates on the sur face of melt ing ice
and is even tu ally de pos ited as the ice melts.  Wash ing out of silt
and clay by the ac tion of melt wa ter causes ab la tion till to have a
much higher sand con tent than lodge ment till.  It is also less com -
pact than lodge ment till.

Thick de pos its of till can oc cur on the lower hill side slopes,
or as stream lined hills (drum lins).  The long axis of a drum lin is
ori ented par al lel to the di rec tion of gla cial ice flow.  A small
drum lin in the south west cor ner of the map has a NW- SE ori en ta -
tion which is par al lel to stria tions (S 30°E) just west of Wig gin
Moun tain.

Thick till can also ac cu mu late at a sta ble, ac tive ice mar gin
to pro duce mo raines.  In gen eral, mo raines are un com mon in ar -
eas in land from the late- glacial ma rine limit in Maine, where the
gla cier tended to un dergo stag na tion zone re treat (Ko teff and
Pessl, 1981).  How ever, a se ries of short thick till ridges cov ered
with large boul ders oc cur just west of Dear born Moun tain in the
north east cor ner of the quad ran gle.  These fea tures are mapped
as mo rainal ridges (Pem) as they ap pear to have formed at the
end of a tongue of ice ex tend ing up the small, north west trend ing
val ley.

Glacial- Fluvial De pos its

These de pos its are sorted sands and grav els de pos ited by
gla cial melt wa ter streams.  They are strati fied and com monly
have cross- bedding sug ges tive of braided stream depo si tion.
They can be de pos ited in a va ri ety of topo graphic forms de pend -
ing on the po si tion of the melt wa ter stream rela tive to the ice.

Ice- Contact De pos its (Pgi).  These are sedi ments de pos -
ited by melt wa ter streams in in ti mate as so cia tion with ice.  The
ma te rial gen er ally has a wide range in grain- size and sort ing
char ac ter is tics.  It is usu ally strati fied, but the strati fi ca tion is
com monly dis rupted by high- angle nor mal faults which formed
dur ing the melt ing of ice ei ther ad ja cent to or un der the de posit.

These fea tures oc cur as iso lated de pos its gen er ally on the sides
of hills or val leys.

Es kers (Pge se ries).  Es kers are sinu ous ridges of sand and
gravel formed by melt wa ter streams flow ing within or un der gla -
cial ice.  Es kers in the West New field quad ran gle are up to 60 ft
high and 4000 ft in length and most are less than 200 ft wide.
They ex hibit both me an der ing and braided chan nel pat terns.  In
many ar eas there is clear evi dence that the es kers were de pos ited
by melt wa ter streams flow ing up and over bed rock ridges.  This
sug gests that in these sys tems the flow was hy dro stati cally con -
trolled.

The es kers in the West New field quad ran gle have been di -
vided into a se ries of dis con tinu ous sys tems which are thought to 
have been de pos ited within part of a sin gle gla cial drain age net -
work.  The larg est is the Par sons field sys tem (Pgep, Fig ure 1)
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Fig ure 1.  Map of es ker sys tems in the West New field quad ran gle.
Pgecm - Ce dar Moun tain sys tem; Pgepb - Pen dex ter Brook sys tem;
Pgep - Par sons field sys tem; Pgewm - Wig gin Moun tain sys tem; Pgen -
New field sys tem; Pgebl - Bel leau Lake sys tem.



which in cludes seg ments which run from the north west to the
south east cor ners of the map.  Melt wa ter in this sys tem trav eled
up and over at least two di vides, both at ele va tions of ap proxi -
mately 650 ft.  Melt wa ter in the sys tem gen er ally moved par al lel
to the NW - SE trend of the val leys, but oc ca sion ally side stepped
over the di vide to the next val ley to the south.  This be hav ior sug -
gests that the melt wa ter was flow ing within a con fined hy dro -
logic tun nel sys tem.

Glacial- Fluvial Sand and Gravel De pos its (Pg se ries).
These are sedi ments de pos ited by gla cial melt wa ter streams as
they flowed across rela tively ice- free ar eas or ar eas cov ered by
mod er ate amounts of stag nant ice.  The ma te rial typi cally ranges
from mod er ately well- sorted to poorly- sorted coarse sand and
gravel.  The de pos its com monly lie within the con fines of mod -
ern un der fit stream val leys and mor pho logi cally ap pear ei ther as
flat to gen tly un du lat ing sur faces of low re lief or ket tle and kame
ar eas hav ing up to 50 ft of re lief.  The Pen dex ter Brook de pos its
(Pgp) in Par sons field are typi cal of the low- relief sur face.  They
ex tend from the head of out wash just west of the vil lage of Par -
sons field east ward into the Lim er ick quad ran gle. These sedi -
ments were de pos ited in the lower part of a glacial- fluvial
melt wa ter sys tem which ex tended west of the cur rent head wa ter
di vide of Pen dex ter Brook.  Thus the melt wa ter stream which
formed them had a much higher dis charge and sedi ment load
than the mod ern Pen dex ter Brook.  Sedi ments ex posed in these
de pos its in clude poorly sorted coarse cob ble grav els.  The lack
of ket tles and kames in this map unit sug gests the area was es sen -
tially ice free when these sedi ments were de pos ited.

The Balch Pond sys tem (Pgbp) is typi cal of a kame- and-
 kettle melt wa ter de posit.  This sys tem origi nates in part from a
head of out wash just south of Prov ince Lake.  The Pgbp de pos its
form an ir regu lar sur face sur round ing deeper kettle- hole lakes
(Bel leau Lake) and es kers of the Bel leau Lake sys tem (Pgebl).
Sur face ele va tions range from 680 ft at the head of out wash to
560 ft where the de pos its en ter the Great East Lake quad ran gle.
Un like the Pen dex ter Brook sys tem, these sedi ments were de -
pos ited in and around stag nant ice fill ing the val ley.  This land -
scape shows the ef fect of large amounts of gla cial melt wa ter and
sedi ment which flowed through this area, fed in part by the Pine
River es ker sys tem to the west.

Gla cial La cus trine De pos its

Gla cial la cus trine de pos its in clude both del tas (Pld) and
lake bot tom sedi ments (Plb). The del tas formed where streams
en tered a lake and depo si tion oc curred in re sponse to a de crease
in stream ve loc ity.  These de pos its in clude rela tively coarse sand
and gravel in hori zon tally strati fied topset beds, which over lie
sandy fore set beds that were de pos ited on the delta front.  The
fore set bed de pos its are gen er ally much thicker than the topset
de pos its.  The con tact be tween the topset and fore set beds lies
ap proxi mately at the former lake level.  Geo mor phi cally, the del -
tas are flat- topped fea tures ex cept where they have un der gone

col lapse near the ice front or have been ex ten sively dis sected by
post gla cial drain age.  Lake bot tom de pos its in this area are gen -
er ally fine, lami nated, sand and silt.  No varved clay was ob -
served within the study area.

De pos its as so ci ated with five gla cial lakes have been iden -
ti fied in the West New field quad ran gle.  A delta (unit Plmd3) de -
pos ited mainly in the Lit tle Os sipee River ba sin oc curs in the
ex treme south east cor ner of the map at an ele va tion of 520 ft.
This unit was de fined by Boothroyd (1997a,b) as hav ing been
de pos ited in the third (and low est) stage of gla cial Lake Mou sam
in the Great East Lake quad ran gle, and the same unit was
mapped over a large area in the ad ja cent Mou sam Lake quad ran -
gle by Meglioli (1997a,b).  These Plmd3 de pos its are in ferred to
cor re late with the Lake Mou sam del tas iden ti fied by Wilch
(1999a,b) in the ad ja cent Lim er ick quad ran gle at ap proxi mately
500 ft.

Im me di ate ly north of the Plmd3 de pos its are a se ries of del -
tas at ele va tions rang ing from 460 to 480 ft.  A pit in one of these
del tas on the north shore of Rock Ha ven Lake ex poses ap proxi -
mately 3 ft of topset grav els over ly ing 15 ft of me dium sand. This 
in di cates a lake at a lower ele va tion (460 ft) than the Plmd3  de -
pos its, which is here de fined as Gla cial Lake New field (Plnd and
Plnb).  Fine sands de pos ited north east of Rock Ha ven Lake are
lake- bottom de pos its.  Lake New field was proba bly dammed by
Plmd3  del tas that formed at an ice- margin po si tion. Lake New -
field formed as the ice re treated from this po si tion.

Two gla cial lakes oc cu pied the north west cor ner of the
map.  The larg est is here de fined as Gla cial Lake Effing ham
(Pled and Pleb).  This lake oc cu pied much of the low land area
north and east of what is now Prov ince Lake and ex tended across 
the state line into New Hamp shire.  A pit just north of Route 153,
just across the New Hamp shire state line, ex poses delta sands at
an ele va tion of ap proxi mately 520 ft. The lake ap pears to have
ex tended south east to the drain age di vide be tween Prov ince
Lake and Rock Ha ven Lake where it was dammed by glacial-
 fluvial de pos its (Pgrh) and till (Pt).  A higher lake, here de fined
as Gla cial Lake Cham pion (Plchd) lies within the Em er son
Brook drain age north of Prov ince Lake.  This lake de vel oped as
the ice re treated from an ice- marginal po si tion just west of Par -
son field.  Two lake lev els have been iden ti fied with sepa rate
spill ways, one at 620 ft and the other at 560 ft.  Lake Cham pion
even tu ally low ered and merged with Lake Effing ham.

The last gla cial lake was lo cated in a north- flowing stream
val ley just north of Ce dar Moun tain.  This lake ex tended from
the melt wa ter chan nel just east of Ce dar Moun tain north ward off 
the north end of the quad ran gle and is here de fined as Gla cial
Lake Ce dar Moun tain (Plcmd).

Holo cene De pos its

Al lu vium (Ha).  Al lu vium is sedi ment de pos ited by mod -
ern streams.  It is com posed mostly of sand and silt al though
coarser grav els can oc cur on steeper slopes.
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Fresh Wa ter Wet lands (Hw).  Fresh wa ter wet lands are ar -
eas where thick or ganic de pos its ac cu mu late due to high wa ter
ta ble con di tions.  These ar eas can oc cur in ar eas un der lain by ei -
ther till or strati fied drift.  Some of the wet lands oc cur in ket tle
holes in strati fied drift which have be come mostly filled with
bog type vege ta tion.  In some in stances these bogs are un der lain
by sig nifi cant thick ness of peat.  Wet lands un der lain by till gen -
er ally have much thin ner ac cu mu la tions of or ganic sedi ments.

Prov ince Moun tain Land slide (Hsd).  A large fan of land -
slide de bris lies just north of Prov ince Moun tain.  This ma te rial
was gen er ated from a land slide which oc curred on the north side
of the moun tain in post gla cial time.  The de bris has been par tially 
re worked by stream pro cesses, but is es sen tially a poorly sorted
mass of boul ders, cob bles, gravel, sand, and silt.  A horse shoe
shaped scarp marks the up per limit of the source area for the
slide, which ap par ently origi nated from an area of thick till de -
pos its.  The rela tively steep slope proba bly cou pled with a high
mois ture con tent of the soil dur ing an un usu ally rainy pe ri od led
to the slope fail ure.

GLACIAL  AND  POSTGLACIAL  GEOLOGIC
HISTORY

Al though this area of Maine has un doubt edly been sub -
jected to mul ti ple ad vances and re treats of gla ciers through out
the Pleis to cene Ep och (1.7 mil lion to 10,000 yr B.P. - years bef -
ore pres ent), most of the land forms we see to day were cre ated
dur ing the last gla cial event (late Wis consi nan gla cia tion).  Dur -
ing this pe ri od the Lau ren tide Ice Sheet ad vanced over the en tire
area reach ing off shore all the way to the break in slope at the con -
ti nen tal shelf (Thomp son and Borns, 1985a, 1985b).

Re gional ice flow was to the south east (Thomp son and
Borns, 1985a).  This agrees with the ori en ta tion of drum lins and
striae meas ured in the West New field quad ran gle.  Many of the
larger stream val leys (Pen dex ter Brook, Chel lis Brook) are also
ori ented par al lel to the ice flow di rec tion and have been modi fied 
by gla cial ero sion.  This is evi denced by the cut ting of these val -
leys across drain age di vides.  For ex am ple, the val ley of Chel lis
Brook drain ing south east ex tends across the di vide into the val -
ley of Em er son Brook drain ing north west.  Simi larly the val ley
ex tend ing across the di vide be tween Prov ince Lake and Rock
Ha ven Lake is ori ented par al lel to the re gional ice flow di rec tion.

Re treat of the ice mar gin be gan ap proxi mately 17,000 yr
B.P. (Thomp son and Borns, 1985b) and the ice front had re -
treated to the pres ent coast by ap proxi mately 14,000 yr B.P.
(Smith, 1985).  Ini tially the ice front ter mi nated in the late-
 glacial sea which trans gressed the coastal low land as the ice re -
treated due to iso static de pres sion of the land sur face (Ko teff and 
oth ers, 1993).  By the time the ice front re treated into the ad join -
ing Lim er ick quad ran gle, it was no longer in con tact with the sea
(Wilch, 1999a,b).  There is no evi dence of ma rine sedi ments in
the West New field quad ran gle.

The old est ma te ri als in the area are till de pos its as so ci ated
with the last Wis consi nan gla cia tion.  These de pos its were
formed by both lodge ment and ab la tion pro cesses with the
lodge ment till proba bly be ing older than the ab la tion till, al -
though all till units are proba bly time- transgressive.

Gla cial flu vial de pos its were formed in as so cia tion with the 
re treat of an ice mar gin char ac ter ized by the pres ence of a nar row 
stag nant ice zone.  Gla cial flu vial depo si tion in this zone re sulted 
in the for ma tion of flu vial and la cus trine mor phose quences as
de fined by Ko teff and Pessl (1981).  In this style of gla cial re -
treat, ice- marginal po si tions are marked by heads of out wash
char ac ter ized by ice- contact de pos its.  Es kers were de pos ited
up stream from the head of out wash by melt wa ter streams flow -
ing in tun nels un der the ice.

Es ker Sys tems.  The es kers in the West New field quad ran -
gle have been clas si fied on the sur fic ial geo logic map ac cord ing
to their lo ca tion within a drain age sys tem.  How ever, as Fig ure 1
shows, the es kers to gether form a co her ent rec tan gu lar drain age
pat tern.  It is in ter est ing to note that they do not con tinu ously fol -
low the val ley bot toms but fre quently make abrupt south erly
shifts up and over a ridge to an ad ja cent val ley.  The Par sons field
es ker sys tem (Pgep), for ex am ple, runs from the north west to the
south east cor ners of the map.  Melt wa ter in this sys tem ap pears
to have flowed south east un der hy dro static pres sure in the val ley
of Em er son Brook, then up and over the di vide just south of
Cham pion Pond.  From this point, the sub gla cial stream flowed
down hill to the south east, par al lel to Chel lis Brook, un til it
reached the area just east of Ma ple wood. Here it climbed up out
of the Moul ton Brook val ley, over a ridge, and into the area of
Rock Ha ven Lake where it merged with the New field es ker sys -
tem (Pgen).  It is un clear why the melt wa ter sys tem would ap par -
ently climb out of a val ley trend ing par al lel to the gen eral
di rec tion of ice flow, but it ap pears to hap pen else where in the
quad ran gle.  Just north of Wig gin Moun tain in the cen tral part of
the quad ran gle the Wig gin Moun tain es ker sys tem (Pgewm) ap -
pears to have been formed by melt wa ter streams flow ing west -
ward up and over a small sad dle in the ridge.  This sys tem oc curs
at an ele va tion con sid era bly higher (800- 950 ft) than the Par -
sons field sys tem (600- 650 ft) and there fore proba bly formed
ear lier. The Ce dar Moun tain es ker sys tem (Pgecm) also ap pears
to be hy dro stati cally con trolled, flow ing up and through an ero -
sional melt wa ter chan nel just west of Dear born Moun tain in the
north east cor ner of the map.  Al though no es ker seg ments were
mapped south of the gap, Stone (1899) re ported re ticu lated
gravel ridges in what ap pears to be this area.

One pos si ble ex pla na tion is that the melt wa ter streams
which formed these es kers were ini tially flow ing in en gla cial
tun nels ori ented along frac tures in the ice.  The melt wa ter
streams eroded down ward through the ice and be came draped
over the un der ly ing ter rain.  The melt wa ters could con tinue to
flow through the sys tems even in an up hill di rec tion as they were
hy dro stati cally con trolled and acted like si phons pull ing melt -
wa ter up and over the in ter ven ing ridges.  How ever they formed,
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the es kers in the West New field quad ran gle ap pear to be part of a
larger sys tem that ex tends through the ad ja cent quad ran gles

De pos its in Branch Brook Area (Plmd3).  As the ice re -
treated from the Great East Lake quad ran gle to the south, sedi -
ments as so ci ated with a gla cial lake in the North Shapleigh area
were de pos ited at the south ern edge of the West New field quad -
ran gle.  A head of out wash marks an ice mar gin po si tion near
where Branch Brook ex its the quad ran gle.  These de pos its are
part of a delta com plex that filled a gla cial lake that ex tended into 
ad ja cent quad ran gles.  They cor re late with the Plmd3 unit of
Boothroyd (1997a,b) and Meglioli (1997a,b), and with the
Plmd/Plmdi units of Wilch (1999a,b).  The Plmd3 de pos its com -
pletely blocked the Branch Brook drain age, dam ming a gla cial
lake here re ferred to as Gla cial Lake New field, in the Rock Ha -
ven Lake area.

Lake New field Stage (Plnd, Plnb).  The level of Lake
New field (460 ft) is de fined by a fore set/topset con tact ex posed
in a gravel pit just north of Rock Ha ven Lake.  This lake pro gres -
sively de vel oped as the ice front re treated from the head of out -
wash as so ci ated with unit Plmd3 , pro duc ing a se ries of del tas
ex tend ing north west ward up the val ley to wards Prov ince Lake.
This lake was proba bly short- lived as the glacial- fluvial de pos its 
mak ing up the dam were fairly eas ily eroded.  

Lake Effing ham Stage (Pled, Pleb).  An ero sional melt wa -
ter chan nel cut through glacial- fluvial de pos its at the mod ern di -
vide be tween Prov ince Lake and Rock Ha ven Lake marks the
spill way for Gla cial Lake Effing ham which oc cu pied the Prov -
ince Lake area.  Prov ince Lake cur rently drains north ward via
the South River to the Os sipee River.  Dur ing de gla cia tion this
drain age was blocked by ice cre at ing Lake Effing ham at an ele -
va tion of ap proxi mately 520 ft.  Pro gres sive re treat of the ice
north ward al lowed depo si tion of a se ries of del tas and lake bot -
tom sedi ments (map units Pled and Pleb). 

Lake Cham pion Stage (Plchd1-2).  Lake Cham pion was
formed as the ice re treated from the head of out wash lo cated just
west of the vil lage of Par sons field.  Ini tially melt wa ters flowed
east ward form ing the Pen dex ter Brook glacial- fluvial se quence
(Pgp) and Lake Cham pion del tas at 620 ft (Plchd1).  As the lake
ex panded north west ward, a lower out let was un cov ered and a
spill way formed at 570 ft.  This spill way lies within a promi nent
40 - 60 ft deep melt wa ter chan nel which cut through a till ridge
and drained south west ward into Lake Effing ham.  This in di cates 
that the ice front had re treated north ward at this time, not north -
west ward par al lel to the ori en ta tion of the stream val leys.  This
may sim ply be a lo cal phe nome non due to stag na tion of ice in the 
lee of Green Moun tain which lies just north west of the quad ran -
gle in New Hamp shire. With sub se quent re treat of the ice front,
Lake Cham pion merged with Lake Effing ham and Lake Effing -
ham was main tained un til, or soon af ter, the ice front re treated
north of the quad ran gle bound ary.  It is pos si ble that de pos its in
the Kezar Falls quad ran gle may have main tained the lake for a
while bef ore ero sion of the spill way drained the lake.

Ce dar Moun tain Stage (Plcmd).  Nu mer ous melt wa ter
chan nels near Ce dar Moun tain in the north ern part of the quad -

ran gle sug gest that ice still oc cu pied this area while the area to
the south was ice free.  There are also two ridges of boulder-
 covered till which mor pho logi cally ap pear to be mo raines and
sug gest an ac tive ice mar gin in this area. This is not to tally un ex -
pected as the low lands of the Os sipee River to the north could
have sus tained ac tive ice as op posed to a stag na tion zone.  Stag -
na tion zones are most likely cre ated by the emer gence of ridges
as the ice thins.  Since re gional to pog ra phy gen er ally de scends in 
ele va tion to the north, there is noth ing to block the ice flow to
cre ate a stag nant zone.  Small lakes ap pear to have formed in
northward- flowing val leys as the ice re treated (Plcmd).

Post gla cial His tory.  Dur ing post gla cial times, mod ern
streams cut val leys and formed flood plains modi fy ing the gla cial 
to pog ra phy.  At some time dur ing this post gla cial pe ri od a large
land slide oc curred on the north slope of Prov ince Moun tain just
south of Prov ince Lake.  Ma te ri als from this land slide (Hsd)
form a large fan- shaped fea ture at the base of the hill.  This de -
posit has been de vel oped as a rec rea tional com mu nity.  Al though 
no evi dence was found in di cat ing in sta bil ity of these slopes, fu -
ture de vel op ment in this area is un wise.

ENVIRONMENTAL  AND  ECONOMIC  GEOLOGY

Sur face Wa ter Al ka lin ity

The chem is try of sur face wa ters is in large part a func tion
of wa ter shed ge ol ogy.  Gen er ally, bed rock units con tain ing
highly weather able min er als such as cal cite pro duce al ka line
sur face wa ters, while gran itic rocks com posed of less weather -
able quartz and feld spar re sult in wa ters with low al ka lin ity.
How ever, it has also been found that sur face wa ters may have
rela tively high al ka lin ity in gran itic ter rains when the bed rock is
over lain by thick sur fic ial de pos its such as till or strati fied drift.
The thicker de pos its pro vide a large ground- water res er voir
which fills dur ing pre cipi ta tion and snow melt events.  The slow
drain ing of this res er voir into riv ers and streams dur ing dry pe ri -
ods al lows them to main tain rela tively high base flows.  The long
resi dence time of wa ter in the ground- water sys tem al lows time
for chemi cal re ac tions to oc cur with min er als such as feld spar to
raise the al ka lin ity of the wa ter bef ore it reaches the sur face wa -
ter.

Sam ples were col lected from streams and lakes through out
the West New field area.  All sam ples were ana lyzed for al ka lin -
ity (acid neu tral iz ing ca pac ity) within 1 week of sam ple col lec -
tion us ing the Gran (1952) ti tra tion.  Re sults are shown in Ta ble 1 
and show al ka lini ties rang ing from 88 - 224 meq/L.

Al ka lin ity is a meas ure of a wa ter's abil ity to re sist acidi fi -
ca tion from acidic depo si tion.  Kahl and oth ers (1991) re port that 
fewer than 2 % of Maine lakes are acidic due to high base- cation
re lease rates which cause rela tively high al ka lin ity.  Al ka lin ity
val ues in Ta ble 1 in di cate that most of the sur face wa ters in this
area are only mod er ately sus cep ti ble to acidi fi ca tion.  This is due
to two fac tors.  First, much of the area is un der lain by the Rindge -
mere For ma tion which, al though it con tains some py rite which is 
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a po ten tial source of acid, has more car bon ate min er als which
weather rap idly to pro duce high al ka lin ity.  Sec ond, in ar eas un -
der lain by gran ite, the sur fic ial sedi ments are quite thick.  This
al lows pre cipi tated wa ter to in fil trate into the sur fic ial sedi ments
and move rela tively slowly through a ground- water sys tem
where re ac tions with feld spar min er als re sults in acid neu trali za -
tion.

Ground- water Re sources

Us able quan ti ties of ground wa ter can oc cur within both
sur fic ial sedi ments and bed rock.  In the West New field quad ran -
gle, the glacial- fluvial and gla cial la cus trine delta units are likely
to be the most sig nifi cant aq ui fers as these ma te ri als are well-
 sorted, rela tively coarse- grained and tend to oc cur as rela tively
thick de pos its.  Till de pos its can po ten tially pro vide enough wa -
ter for a sin gle fam ily dwell ing if the till de posit is rela tively
thick and sandy.  How ever, wa ter lev els in till wells tend to fluc -
tu ate greatly, and they can run dry  dur ing the sum mer as the till
has a lower spe cific yield than the sand and gravel de pos its.

The yield of bed rock wells var ies greatly as this wa ter
comes prin ci pally from frac tures within the rock.  In the West
New field quad ran gle, the Rindge mere For ma tion is likely to
yield more wa ter than the gran ites, but ground wa ter from the
Rindge mere For ma tion is likely to have more dis solved sol ids
and may po ten tially have dis solved Fe and Mn which can cause
stain ing prob lems.

Po ten tially high- yielding aq ui fers ex ist wher ever glacial-
 fluvial or gla cial la cus trine del tas oc cur.  These fea tures may be
hy drau li cally con nected to gravel de pos its which might be lo -
cated un der the lake- bottom sedi ments.  This situa tion is fairly
com mon in other parts of New Eng land and can be ex plained by
the fol low ing de po si tional model.  A thick ice- contact delta is
formed dur ing a pause in the re treat of the gla cier (Plchd1 for ex -
am ple).  A lake forms as the ice front be gins a more rapid phase
of re treat. A layer of gravel is de pos ited at the bot tom of the lake
by melt wa ter streams emerg ing from the ice front.  This time-

 transgressive gravel is over lain by fine- grained bot tom sedi -
ments as the lo cus of glacial- fluvial depo si tion shifts back with
the re ced ing ice front.  This re sults in a rela tively thin glacial-
 fluvial gravel layer hy drau li cally con nected to the delta and
over lain by la cus trine sedi ments.  The area of the delta de pos its
rep re sents the re charge area for the gravel aq ui fer be neath the la -
cus trine sedi ments.  The la cus trine sedi ments may act as an aqui -
tard, caus ing the glacial- fluvial aq ui fer to be come con fined.

The suite of gla cial la cus trine de pos its in the north west cor -
ner of the quad ran gle rep re sent one area where this model may
ap ply.  The delta de pos its of the Lake Cham pion stage (Plchdn)
may rep re sent the re charge area for a con fined aq ui fer ex tend ing
north west un der the Lake Effing ham bot tom sedi ments (Pleb).
A seis mic re frac tion line was run in the area to de ter mine the
thick ness of the lake sedi ments and pos si bly de ter mine the pres -
ence of gravel un der the lake sedi ments.  A Geo met rics Nim bus
12- channel sig nal en hance ment seis mo graph was used in con -
junc tion with a 10- gauge Buf falo gun to ac quire seis mic sig nals
at 3 m off sets over a 100 m dis tance.  The line was back shot to de -
ter mine the dip of any in ter faces pres ent.  Re sults (Fig ure 2) were 
cal cu lated us ing the Re fract pro gram of Bur ger (1992) and show
ap proxi mately 16m of low ve loc ity ma te rial on top of a high ve -
loc ity layer. The 263 m/sec and 1,563 m/sec ma te ri als are most
likely un satu rated and satu rated sand, while the 4,115 m/sec
layer has a ve loc ity con sis tent with bed rock.  The pres ence of 16
m of sur fic ial sedi ment in this area sug gests the pos si ble pres -
ence of a sig nifi cant aq ui fer.

A number of ground- water springs were found just east of
the Maine State Line in South Effing ham.  These springs oc cur
where the con tact be tween the la cus trine sand (Pleb) and till (Pt)
rises to within 3-4 m of the sur face.  Sap ping by the springs has
cre ated small val leys ap proxi mately 3m deep.

Sand and Gravel Re sources

Sand and gravel is the prin ci pal type of natu ral ag gre gate
found in Maine.  It is used in the con struc tion of roads, bridges,
rail roads, and al most all com mer cial and resi den tial build ings.
Ac cord ing to Lan ger and Glanz man (1993), the value of ag gre -
gate pro duc tion in the United States in 1990 amounted to ap -
proxi mately $9.1 bil lion.  This is more than dou ble the value of
all pre cious metal pro duc tion (gold, sil ver, plati num).  Clearly,
sand and gravel is one of the most valu able and im por tant natu ral 
re sources found in Maine.  

The sand and gravel de pos its are also im por tant as they of -
ten form im por tant aq ui fers from which we de rive our ground-
 water sup plies.  The well- sorted and coarse- grained tex ture of
these de pos its cre ate large pore spaces which can hold sub stan -
tial quan ti ties of wa ter.  De pos its of sand and gravel on the val ley
walls of ten serve as the re charge area for val ley bot tom aq ui fers.
Thus a clear un der stand ing of the dis tri bu tion of sand and gravel
re sources is nec es sary bef ore in formed de ci sions can be made
con cern ing where min ing these de pos its is ap pro pri ate.
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TA BLE 1:  SUR FACE  WA TER  AL KA LIN ITY

Sam ple # Sam ple Date Acid Neu tral iz ing
Ca pac ity

100 Moul ton Brook 10/24/91 184 meq/L
101 Em er son Brook 9/21/91 146 
102 Cham pion Pond 9/25/91 151
104 swamp pond 10/23/91 176
105 Dear born Mtn Strm 10/23/91 224
107 Ben son Brook 10/24/91 201
109 Pen dex ter Brook 10/24/91 216
110 Sym mes Pond 10/24/91 153
111 Rock Ha ven Lake 10/23/91 161
112 Ran dall Lake 10/24/91 145
113 bea ver pond 10/25/91 133
114 pond NW of 10/23/91   88

Ce dar Mtn

Acid Neu tral iz ing Ca pac ity (ANC) de ter mined by Gran ti tra tion



The West New field quad ran gle does not have the ex ten sive 
sand and gravel de pos its which are found in ad join ing quad ran -
gles.  Much of the de pos its are found within the es ker sys tems
which cross the area.  Some coarse out wash/delta de pos its are
found in the south east ern cor ner of the map (south of Rock Ha -
ven Lake), but most of the other ar eas of strati fied drift are com -
posed of finer- grained la cus trine sands.
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Fig ure 2.  Re sults of seis mic re frac tion line in gla cial la cus trine sands as so ci ated with Gla cial Lake Effing ham.  Seis mic ve loci ties
sug gest 16 m of sand over ly ing bed rock.




