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Surficial Geology

³

SURFICIAL GEOLOGY OF MAINE

Surficial geologic m apping of th e P leasant Mtn. quadrangle w as conducted by W .
B. Th om pson in 1976 under funding from  th e Greater P ortland Council of
Governm ents (Cum berland Co. portion), and in 1988 under funding from  th e MGS.
Th e auth or updated earlier observations in 1998-1999 to com plete th is m ap under
funding from  th e MGS/U SGS STATEMAP  cooperative.

SOURCES  OF  INFORMATION Base m ap features from  Maine Office of GIS - 1:24,000 U SGS
contour lines, E911 roads, 1:24,000 National Hydrograph y
Dataset, U SGS GNIS placenam es and 1:24,000 political
boundaries.
Th e use of industry, firm , or local governm ent nam es on th is m ap
is for location purposes only and does not im pute responsibility
for any present or potential effects on th e natural resources.

___A surficial geology m ap sh ow s all th e loose m aterials such  as till (com m only called h ardpan),
sand and gravel, or clay, w h ich  overlie solid ledge (bedrock).  Bedrock outcrops and areas of
abundant bedrock outcrops are sh ow n on th e m ap, but varieties of th e bedrock are not
distinguish ed (refer to bedrock geology m ap).  Most of th e surficial m aterials are deposits form ed
by glacial and deglacial processes during th e last stage of continental glaciation, w h ich  began
about 25,000 years ago.  Th e rem ainder of th e surficial deposits are th e products of postglacial
geologic processes, such  as river floodplains, or are attributed to h um an activity, such  as fill or
oth er land-m odifying features.
___Th e m ap sh ow s th e areal distribution of th e different types of glacial features, deposits, and
landform s as described in th e m ap explanation.  Features such  as striations and m oraines can be
used to reconstruct th e m ovem ent and position of th e glacier and its m argin, especially as th e ice
sh eet m elted.  Oth er ancient features include sh orelines and deposits of glacial lakes or th e glacial
sea, now  long gone from  th e state.   Th is glacial geologic h istory of th e quadrangle is useful to th e
larger understanding of past earth  clim ate, and h ow  our region of th e w orld underw ent recent
geologically significant clim atic and environm ental ch anges.  W e m ay th en be able to use th is
know ledge in anticipation of future sim ilar ch anges for long-term  planning efforts, such  as coastal
developm ent or w aste disposal.
___Surficial geology m aps are often best used in conjunction w ith  related m aps such  as surficial
m aterials m aps or significant sand and gravel aquifer m aps for anyone w anting to know  w h at lies
beneath  th e land surface.  For exam ple, th ese m aps m ay aid in th e search  for w ater supplies, or
econom ically im portant deposits such  as sand and gravel for aggregate or clay for bricks or
pottery.  Environm ental issues such  as th e location of a suitable landfill site or th e possible spread
of contam inants are directly related to surficial geology.  Construction projects such  as locating
new  roads, excavating foundations, or siting new  h om es m ay be better planned w ith  a good
know ledge of th e surficial geology of th e site.
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___Continental glaciers like th e ice sh eet now  covering Antarctica
probably extended across Maine several tim es during th e P leistocene
Epoch , betw een about 2.5 m illion and 11,700 years ago.  Th e slow -
m oving ice superficially ch anged th e landscape as it scraped over
m ountains and valleys, eroding and transporting boulders and oth er
rock debris for m iles.  Th e sedim ents th at cover m uch  of Maine are
largely th e product of glaciation.  Glacial ice deposited som e of th ese
m aterials, w h ile oth ers w ash ed into th e sea or accum ulated in
m eltw ater stream s and lakes as th e ice receded.  Earlier stream  patterns
w ere disrupted, creating h undreds of ponds and lakes across th e state.
Th e m ap at left sh ow s th e pattern of glacial sedim ents in th is
quadrangle.
___Th e m ost recent "Ice Age" in Maine began about 30,000 years ago,
w h en an ice sh eet spread south w ard over New  England (Stone and
Borns, 1986).  During its peak, th e ice w as several th ousand feet th ick
and covered th e h igh est m ountains in th e state.  Th e w eigh t of th is h uge
glacier actually caused th e land surface to sink h undreds of feet.  R ock
debris frozen into th e base of th e glacier abraded th e bedrock surface
over w h ich  th e ice flow ed.  Th e grooves and fine scratch es (striations)
resulting from  th is scraping process are often seen on fresh ly exposed
bedrock, and th ey are im portant indicators of th e direction of ice
m ovem ent.  Erosion and sedim ent deposition by th e ice sh eet com bined
to give a stream lined sh ape to m any h ills, w ith  th eir long dim ension
parallel to th e direction of ice flow .  Som e of th ese h ills (drum lins) are
com posed of dense glacial sedim ent (till) plastered under great pressure
beneath  th e ice.
___A w arm ing clim ate forced th e ice sh eet to start receding as early as
21,000 calendar years ago, soon after it reach ed its south ernm ost
position on Long Island (R idge, 2004).  Th e edge of th e glacier
w ith drew  from  th e continental sh elf east of Long Island and reach ed
th e present position of th e Maine coast by about 16,000 years ago
(Borns and oth ers, 2004).  Even th ough  th e w eigh t of th e ice w as
rem oved from  th e land surface, th e Earth 's crust did not im m ediately
spring back to its norm al level.  As a result, th e sea flooded m uch  of
south ern Maine as th e glacier retreated to th e north w est.  Ocean w aters
extended far up th e K ennebec and P enobscot valleys, reach ing present
elevations of up to 420 feet in th e central part of th e state.
___Great quantities of sedim ent w ash ed out of th e m elting ice and into
th e sea, w h ich  w as in contact w ith  th e receding glacier m argin.  Sand
and gravel accum ulated as deltas and subm arine fans w h ere stream s
disch arged along th e ice front, w h ile th e finer silt and clay dispersed
across th e ocean floor.  Th e sh ells of clam s, m ussels, and oth er
invertebrates are found in th e glacial-m arine clay th at blankets low land
areas of south ern Maine.  Ages of th ese fossils tell us th at ocean w aters
covered parts of Maine until about 13,000 years ago. Th e land
rebounded as th e w eigh t of th e ice sh eet w as rem oved, forcing th e sea
to retreat.
___Meltw ater stream s deposited sand and gravel in tunnels w ith in th e
ice.  Th ese deposits rem ained as ridges (eskers) w h en th e surrounding
ice disappeared.  Maine's esker system s can be traced for up to 100
m iles, and are am ong th e longest in th e country.

___Oth er sand and gravel deposits form ed as m ounds (kam es) and
terraces adjacent to m elting ice, or as outw ash  in valleys in front of th e
glacier.  Many of th ese w ater-laid deposits are w ell layered, in contrast
to th e ch aotic m ixture of boulders and sedim ent of all sizes (till) th at
w as released from  dirty ice w ith out subsequent rew orking.  R idges
consisting of till or w ash ed sedim ents (m oraines) w ere constructed
along th e ice m argin in places w h ere th e glacier w as still actively
flow ing and conveying rock debris to its term inus.  Moraine ridges are
abundant in th e zone of form er m arine subm ergence, w h ere th ey are
useful indicators of th e pattern of ice retreat.
___Th e last rem nants of glacial ice probably w ere gone from  Maine by
12,000 years ago.  Large sand dunes accum ulated in late-glacial tim e as
w inds picked up outw ash  sand and blew  it onto th e east sides of river
valleys, such  as th e Androscoggin and Saco valleys.  Th e m odern
stream  netw ork becam e establish ed soon after deglaciation, and
organic deposits began to form  in peat bogs, m arsh es, and sw am ps.
Tundra vegetation bordering th e ice sh eet w as replaced by ch anging
forest com m unities as th e clim ate w arm ed (Davis and Jacobson, 1985).
Geologic processes are by no m eans dorm ant today, h ow ever, since
rivers and w ave action m odify th e land, and w orldw ide sea level is
gradually rising against Maine's coast.

References

Borns, H. W ., Jr., Doner, L. A., Dorion, C. C., Jacobson, G. L., Jr.,
K aplan, M. R ., K reutz, K . J., Low ell, T. V ., Th om pson, W . B., and
W eddle, T. K ., 2004, Th e deglaciation of Maine, U .S.A.,in Eh lers, J.,
and Gibbard, P . L., eds., Q uaternary Glaciations – Extent and
Ch ronology, P art II: North  Am erica: Am sterdam , Elsevier, p. 89-109.

Davis, R . B., and Jacobson, G. L., Jr., 1985, Late-glacial and early
Holocene landscapes in north ern New  England and adjacent areas of
Canada:  Q uaternary R esearch , v. 23, p. 341-368.

R idge, J. C., 2004, Th e Q uaternary glaciation of w estern New  England
w ith  correlations to surrounding areas,in Eh lers, J., and Gibbard, P . L.,
eds., Q uaternary Glaciations – Extent and Ch ronology, P art II: North
Am erica: Am sterdam , Elsevier, p. 169-199.

Stone, B. D., and Borns, H. W ., Jr., 1986, P leistocene glacial and
interglacial stratigraph y of New  England, Long Island, and adjacent
Georges Bank and Gulf of Maine,in Sibrava, V ., Bow en, D. Q ., and
R ich m ond, G. M. (editors), Q uaternary glaciations in th e north ern
h em isph ere:  Q uaternary Science R eview s, v. 5, p. 39-52.

Th om pson, W . B., 1999, Surficial geology of th e P leasant Mountain
7.5-m inute quadrangle, Oxford and Cum berland Counties, Maine:
Augusta, Maine Geological Survey, Open-File No. 99-6.

1:24,000SCALE

Note: Th e first letter of each  m ap unit indicates th e general age of th e unit:
H = Holocene (postglacial deposit; form ed during th e last 11,700 years).
Q = Q uaternary (deposit of uncertain age usually late-glacial and/or postglacial).
P = P leistocene (deposit form ed during glacial to late-glacial tim e, prior to 11,700 yr B.P . [years
before present]).

Figure 5. Close-up of silty to sandy foreset beds in Lake P igw acket
delta deposit (unit P lpp). Th is exposure w as located in anoth er pit in th e
Elkins Brook valley, just south  of th e locality in Figures 3 and 4.

Figure 6. Sh aking Bog, just south w est of Liberty Corner in Denm ark.
Th is peat bog is one of num erous w etlands in th e quadrangle (m ap unit
Hw ).

Alluvium - Sand, gravel, silt, and organic sedim ent.  Deposited on flood plains of m odern
stream s.Ha

Wetland deposits - P eat, m uck, silt, and clay.  Deposited in poorly drained areas.Hw

Eolian deposits - W indblow n sand.  Form s dunes and irregular blanket deposits.Qe

Outwash deposits - Outw ash  sand deposited by glacial m eltw ater stream  in valley
betw een Stearns P ond and High land Lake.Pgo

Kame deposit - Mound of ice-contact gravel deposited by glacial m eltw ater on h illside
east of K ezar P ond.Pgk

Moose Pond deposits - Ice-contact sand and gravel deposited by glacial outw ash  stream s
in th e Moose P ond valley.Pgim

 Willett Brook deposits - Ice-contact sand and gravel; probably deposited into a glacial
lake in th e W illett Brook valley.Plwb

Esker deposits - Sand and gravel deposited by m eltw ater stream s in a subglacial tunnel
system .  U nit m ay also include tunnel-m outh  lacustrine fan deposits.Pge

Till - Loose to very com pact, poorly sorted, m assive to w eakly stratified m ixture of sand,
silt, and gravel-size rock debris deposited by glacial ice.  Locally includes lenses of
w ater-laid sand and gravel.

Pt

Hummocky moraine - Glacial till w ith  h um m ocky topograph y. Consists of poorly sorted
rock debris deposited by glacial ice.  May contain variable proportions of sand and
gravel.  Locally very bouldery.

Phm

Bedrock outcrops/thin-drift areas - R uled pattern indicates areas w h ere outcrops are
com m on and/or surficial sedim ents are generally less th an 10 ft th ick (m apped partly
from  air ph otos).  Gray dots sh ow  individual outcrops.

Contact - Boundary betw een m ap units.  Dash ed w h ere very approxim ate.

Scarp - Scarp (delta front?) separating h igh er and low er depositional levels of glacial
Lake P igw acket sedim ents.

     

Ice-margin position - Line sh ow s approxim ate position of th e glacier m argin during ice
retreat, based on h ead of outw ash  for related m eltw ater deposits.  Num bers indicate
relative ages; “1” is oldest.

Moraine ridge - Sym bol sh ow s trend of m oraine ridge in area of h um m ocky m oraine
south  of P leasant Mountain.  Origin of ridge is unknow n.

Meltwater channel - Ch annel eroded by a glacial m eltw ater stream .  Arrow  sh ow s
inferred direction of w ater flow .

Area of many large boulders.

Esker ridge - Sh ow s trend of sand and gravel ridge deposited in a m eltw ater tunnel
w ith in or beneath  glacial ice.  Ch evrons indicate direction of m eltw ater flow .

Glacially streamlined hill - Sym bol sh ow s trend of long ax is, w h ich  is parallel to form er
glacial ice-flow  direction.
Glacial striation locality - Arrow  sh ow s ice-flow  direction(s) inferred from  striations on
bedrock.  Dot m arks point of observation.  Num ber is azim uth  (in degrees) of flow135



Figure 3. P it betw een Elkins Brook and R oute 302 in East Fryeburg, in
th e w estern part of th e quadrangle. Th e upper part of th e pit face sh ow s
deltaic sand (m ap unit P lpp) deposited into th e P leasant Mountain stage
of Lake P igw acket. (See accom panying report by Th om pson, 1999).
Th e sedim ent in th e delta w as disch arged from  th e receding m outh  of
th e ice tunnel in w h ich  th e local esker form ed. Th e gravel in th e low er
part of th e pit face is part of th e esker.

Figure 4. Anoth er exposure in sam e pit as Figure 3, sh ow ing deform ed
and steeply inclined foreset beds (center) of th e Lake P igw acket delta.
Th ese sand beds w ere deposited on th e front of th e delta as it built into
th e lake. Th ey later slum ped due to m elting of adjacent glacial ice
w h ich  h ad supported th em .

Dip of cross-bedding - Dip of cross-bedding - Arrow  sh ow s average dip direction of
cross-bedding in fluvial or deltaic deposits, w h ich  indicates direction of stream  flow  or
delta progradation.  P oint of observation at dot.



Glacial Lake Pigwacket deposits - Sand, gravel, and silt deposited in glacial Lake
P igw acket.  Includes fan, delta, and lake-bottom  sedim ents.

Plpb

Plppf

Plpp

Plpk

P lpk - K ezar V alley stage deposits - Form ed in an ice-dam m ed lake th at
extended up to th e K ezar R iver valley (north  of th e quadrangle).

P lpb - Lake-bottom  deposits.

P lppf - Fan deposited into P leasant Mountain stage of Lake P igw acket at m outh
of ice tunnel.

P lpp - P leasant Mountain stage deposits - Form ed in an ice-dam m ed lake
flanking th e esker in w estern part of th e quadrangle.

For additional information, 
see Open-File Report 99-6.

Figure 1. V iew  looking south w est from  th e top of P leasant Mountain.
Th e m ore distant w ater body is Lovew ell P ond in Fryeburg. P leasant
P ond and a large w etland are seen in center-left part of ph oto. Th e ledge
in foreground is typical of th e bedrock exposures found on th e h igh er
parts of m ost Maine m ountains.

Figure 2: A m ajor esker (m ap unit P ge) crosses th e w estern part of th e
quadrangle from  north  to south , just east of K ezar P ond. Th e esker
ridge is seen in th e central part of th is aerial ph otograph . It form ed
w h en a glacial m eltw ater stream  deposited gravel and sand in a tunnel
at th e bottom  of th e last continental ice sh eet.


