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Surficial Geology

SURFICIAL GEOLOGY OF MAINE

Surficial g eolog ic mapping  of th e Seal Harbor quadrang le w as conducted by Duane
D. Braun during  th e 2013 field season.

SOURCES OF MAP INFORMATION

Figure 1: Glacial sculpting  of “w h ale back” knobs on a basalt dike on
th e Cadillac Mountain south  ridg e.  V iew  to th e south  along  th e g entle
“up-ice” scoured parts of th e knobs w ith  th e steep “dow n-ice” plucked
parts h idden from v iew .

Figure 2: Cliff on th e east side of Ch amplain Mountain steepened by
g lacial plucking .  P ostg lacial frost splitting  of joint blocks from th e cliff
h as deposited a pile of blocks (talus) at th e base of th e cliff.  V iew
w estw ard from Cranberry Hill.

Figure 4: Boulder beach  berm at an elev ation of 67 m (220 ft) at th e
east base of Eag les Crag  on th e Cadillac Mountain south  ridg e.  V iew
to north  along  th e crest of th e berm marking  th e h ig h est lev el of
immediate postg lacial marine submerg ence of th e area.

Figure 3: Glacially polish ed and striated ledg e surface th at cuts
th roug h  and h ig h lig h ts th e edg es of Sh atter Zone frag ments in th e

Figure 6: South  to north  v iew  of Otter Creek cutting  into g lacial
deposits.  Exposure is 45-50 m (150-165 ft) long  and 6-10 m (20-30 ft)
h ig h .  Gray g laciomarine clayey silt w ith  dropstones (P resumpscot
Formation), interbedded w ith  th in g rav elly sand layers and diamict
lenses, ov erlie (cap) yellow ish  to reddish -yellow  g laciofluv ial sandy
g rav el th at in turn ov erlies g reenish -g ray g lacial till (in low er rig h t part
of stream bank).

Figure 5: Beach  deposit at an elev ation of 47 m (155 ft) consisting  of
pebbly sand containing  a flat ang ular clast of clayey silt marine mud
(P resumpscot Formation).  Th e mud h ad been deposited w h en sea lev el
w as up to a maximum of 20 m (65 ft) abov e th at elev ation,.  As th e land
rebounded out of th e ocean from th e remov al of th e w eig h t of th e
g lacial ice, th e falling  sea lev el formed a beach  at th is site.  Th e w av es
ripped up th e semi-consolidated mud on th e sea floor and th e clast w as
incorporated in th e g rav elly sand.

Figure 8: Close-up of th e north ern or distal part of th e exposure in
Fig ure 6.  Interbedded layers of g ray clayey silt and yellow ish  to
reddish  sand are steeply tilted dow n to th e north east.  Th e tilting  is
probably due to postg lacial slumping  of th e area as Otter Creek cut
dow n into th e deposits.  Th e landscape beh ind th e exposure sh ow s
arcuate slump h eadw alls.

Figure 7: Closer v iew  of a 7 m (23 ft) h ig h  by 10 m (30 ft) w ide area
in th e middle th e exposure sh ow n in Fig ure 6.  At th e upper rig h t an
orang e notebook marks a cobbly diamict lens in th e marine mud.  Near
th e center a rectang ular scale bar marks th e contact of stratified clayey
silt w ith  underlying  yellow ish  oxidized sandy g rav el.

Seal Harbor Quadrangle, Maine
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___Continental g laciers like th e ice sh eet now  cov ering  Antarctica
probably extended across Maine sev eral times during  th e P leistocene
Epoch , betw een about 2.5 million and 11,700 years ag o.  Th e slow -
mov ing  ice superficially ch ang ed th e landscape as it scraped ov er
mountains and v alleys, eroding  and transporting  boulders and oth er
rock debris for miles.  Th e sediments th at cov er much  of Maine are
larg ely th e product of g laciation.  Glacial ice deposited some of th ese
materials, w h ile oth ers w ash ed into th e sea or accumulated in
meltw ater streams 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 map at left sh ow s th e pattern of g lacial sediments in th is
quadrang le.
___Th e most recent "Ice Ag e" in Maine beg an about 30,000 years ag o,
w h en an ice sh eet spread south w ard ov er New  Eng land (Stone and
Borns, 1986).  During  its peak, th e ice w as sev eral th ousand feet th ick
and cov ered th e h ig h est mountains in th e state.  Th e w eig h t of th is h ug e
g lacier actually caused th e land surface to sink h undreds of feet.  R ock
debris frozen into th e base of th e g lacier abraded th e bedrock surface
ov er w h ich  th e ice flow ed.  Th e g roov es and fine scratch es (striations)
resulting  from th is scraping  process are often seen on fresh ly exposed
bedrock, and th ey are important indicators of th e direction of ice
mov ement.  Erosion and sediment deposition by th e ice sh eet combined
to g iv e a streamlined sh ape to many h ills, w ith  th eir long  dimension
parallel to th e direction of ice flow .  Some of th ese h ills (drumlins) are
composed of dense g lacial sediment (till) plastered under g reat pressure
beneath  th e ice.
___A w arming  climate forced th e ice sh eet to start receding  as early as
21,000 calendar years ag o, soon after it reach ed its south ernmost
position on Long  Island (R idg e, 2004).  Th e edg e of th e g lacier
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 ag o
(Borns and oth ers, 2004).  Ev en th oug h  th e w eig h t of th e ice w as
remov ed from th e land surface, th e Earth 's crust did not immediately
spring  back to its normal lev el.  As a result, th e sea flooded much  of
south ern Maine as th e g lacier retreated to th e north w est.  Ocean w aters
extended far up th e K ennebec and P enobscot v alleys, reach ing  present
elev ations of up to 420 feet in th e central part of th e state.
___Great quantities of sediment w ash ed out of th e melting  ice and into
th e sea, w h ich  w as in contact w ith  th e receding  g lacier marg in.  Sand
and g rav el accumulated as deltas and submarine fans w h ere streams
disch arg ed 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 clams, mussels, and oth er
inv ertebrates are found in th e g lacial-marine clay th at blankets low land
areas of south ern Maine.  Ag es of th ese fossils tell us th at ocean w aters
cov ered parts of Maine until about 13,000 years ag o. Th e land
rebounded as th e w eig h t of th e ice sh eet w as remov ed, forcing  th e sea
to retreat.

___Meltw ater streams deposited sand and g rav el in tunnels w ith in th e
ice.  Th ese deposits remained as ridg es (eskers) w h en th e surrounding
ice disappeared.  Maine's esker systems can be traced for up to 100
miles, and are among  th e long est in th e country.
___Oth er sand and g rav el deposits formed as mounds (kames) and
terraces adjacent to melting  ice, or as outw ash  in v alleys in front of th e
g lacier.  Many of th ese w ater-laid deposits are w ell layered, in contrast
to th e ch aotic mixture of boulders and sediment of all sizes (till) th at
w as released from dirty ice w ith out subsequent rew orking .  R idg es
consisting  of till or w ash ed sediments (moraines) w ere constructed
along  th e ice marg in in places w h ere th e g lacier w as still activ ely
flow ing  and conv eying  rock debris to its terminus.  Moraine ridg es are
abundant in th e zone of former marine submerg ence, w h ere th ey are
useful indicators of th e pattern of ice retreat.
___Th e last remnants of g lacial ice probably w ere g one from Maine by
12,000 years ag o.  Larg e sand dunes accumulated in late-g lacial time as
w inds picked up outw ash  sand and blew  it onto th e east sides of riv er
v alleys, such  as th e Androscog g in and Saco v alleys.  Th e modern
stream netw ork became establish ed soon after deg laciation, and
org anic deposits beg an to form in peat bog s, marsh es, and sw amps.
Tundra v eg etation bordering  th e ice sh eet w as replaced by ch ang ing
forest communities as th e climate w armed (Dav is and Jacobson, 1985).
Geolog ic processes are by no means dormant today, h ow ev er, since
riv ers and w av e action modify th e land and w orldw ide sea lev el is
g radually rising  ag ainst Maine's coast.
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Ha Stream alluvium - Stratified sand and g rav el w ith  minor amounts of silt deposited on flood
plains of present day streams; typically 1–2 m (3-6 ft) th ick.

Hw Freshwater wetland - Muck, peat, silt, and sand, typically 0.3-2 m (1-6 ft) th ick.  P oorly
drained areas, often w ith  standing  w ater.  Th e most extensiv e w etland is Great Meadow .

Pp Presumpscot Formation - Fine-g rained marine mud (silt and clay w ith  sandy lenses)
commonly containing  g rav el dropstones and, more rarely, marine sh ell fossils.  Th e mud w as
deposited in deeper, quieter w ater during  th e postg lacial marine submerg ence of th e coast.  Th e
most extensiv e such  deposits are around Great Meadow , in th e low er part of Otter Creek north
of Otter Cov e, and in th e low er part of Hunters Brook.

Pge Esker - A ridg e of stratified boulder to pebble g rav el and sand deposited in a subg lacial tunnel.
Th e bedding  is often ch aotic w ith  abrupt bedding  and g rain size ch ang es.  Th e only esker is in
th e h eadw aters of Hunters Brook.

Pmd Marine delta - Stratified sand and g rav el w ith  nearly h orizontal top strata (topsets) underlain
by seaw ard dipping  strata (foresets).  Top surface g raded to sea lev el at time of deposition.
Deposit th ickness is g enerally 5-15 m (15-50 ft).  A larg e delta is present in th e h eadw aters of
Stanley Brook on th e north  side of th e v illag e of Seal Harbor.

Pt Till - P oorly sorted mixture of g rav el, sand, silt and clay (diamict) deposited directly by g lacial
ice; typically 1-5 m (3-15 ft) th ick.  Land surface is often more bouldery th an th e underlying
till due to remov al of smaller-size surface material by running  w ater or w av es.  Th e most
extensiv e deposits of till, often forming  a series of moraine ridg es, are in th e h eadw aters of
K ebo Brook, Otter Creek, and Hunters Brook.

af Artificial fill - Th is unit occurs along  roadw ays and at building  sites.

Contact - Indicates approximate boundary betw een adjacent map units.  Expectable line
location error is 3-6 m (10-20 ft) to locally as much  as 10-15 m (30-50 ft) w h ere th e materials
are obscured by dense surface v eg etation and lack diag nostic landforms.

Photo locality!(2

Hwsm Salt marsh - Grass, reed, and sedg e w etland, inundated at h ig h  tide, th at is underlain by fine
g rained sediment h av ing  a v ariable th ickness of 0.3-2 m (1-6 ft).  Salt marsh  is only present on
Little Cranberry Island.

Haf Alluvial fan - Stratified g rav el and sand deposited in a fan-sh aped landform w h ere steep
stream ch annels enter more g ently sloped and w ider areas; typically 2 m (6 ft) or more th ick.

Hms Marine shoreline deposit - Beach  ridg es composed of cobble to boulder-size material 2-5 m
(6-15 ft) th ick.  Th e most extensiv e beach es occur on Little Cranberry Island.

Qta Talus - Ang ular to subang ular rock blocks deposited at th e base of bedrock cliffs.  Indiv idual
blocks are typically around 0.6-1 m (2-3 ft) and rang e in size from 0.3-10 m (1-33 ft).  Deposit
th ickness is typically 1-5 m (3-15 ft), w ith  some deposits more th an 10 m (33 ft) th ick.  Much
of material w as deposited during  late P leistocene perig lacial climate conditions w ith  lesser
amounts of material deposited during  th e Holocene.  Th e most extensiv e talus deposits are
around Th e Tarn.

Pms Marine shoreline deposit - Stratified pebble to boulder g rav el and sand th at h as layering
dipping  dow nslope.  Th is deposit w as mapped w h ere abandoned g rav el and sand pits sh ow  th e
material to be 2-5 m (6-15 ft) th ick or w h ere th ere are distinct strandline features.  Deposited
during  th e postg lacial marine submerg ence of th e coast.  Th e most extensiv e areas of such
deposits are north  of Sand Beach , betw een Otter Cov e v illag e and Hunters Brook v alley, and
on Little Cranberry Island.

Hat Alluvial terrace - Stratified sand and g rav el forming  bench es running  parallel to and 1-3 m (3-
10 ft)  abov e th e present floodplain; usually 1-2 m (3-6 ft) th ick.

Pgi Ice-contact gravel - Stratified boulder to pebble g rav el and sand deposited in contact w ith  th e
melting  g lacial ice.  Stratification in places may be h orizontal or dipping  consistently w h ile in
oth er places stratification may be ch aotic w ith  abrupt bedding  and g rain size ch ang es.  A 10-15
m (30-50 ft) th ick deposit of such  material marks an ice marg in position separating  Th e Tarn
from Great Meadow .

Upper limit of marine submergence - Sh ow s h ig h est elev ation of sea lev el immediately
follow ing  recession of th e g lacier from th e area.  Th is elev ation is approximate, based on
g lacial-marine delta elev ations in th e reg ion (~67-73 m [~220-240 ft] abov e sea lev el;
Th ompson and oth ers, 1989, fig ure 2 contours).  Ev eryw h ere below  th is elev ation w av e
erosion h as cut into th e g lacial deposits.  W h ere such  deposits w ere th in, only lag s of larg e
boulders h av e been left on bedrock ledg es.  W h ere such  deposits w ere th icker, a th in 0.3-1 m
(1-3 ft) deposit of g rav el and sand, often w ith  a boulder surface, ov erlies oth er g lacial deposits.
Th is th in “w av e w ash  v eneer” is not sh ow n on th e map, only th e underlying  material.
Small moraine ridge - R idg e of till and/or sand and g rav el deposited and/or deformed by
g lacial ice; about 1-5 m (3-15 ft) h ig h  and 5-30 m (15-100 ft) w ide.  Such  ridg es probably
represent annual “push  moraines”.
Marine beach ridge or strandline - Subtle ridg e or bench  feature w ith  an abrupt steepening  of
slope in th e dow nslope direction in an area of P leistocene marine sh oreline deposits.  A
strandline marks a temporary pause in sea-lev el low ering  or an especially stormy period as th e
sea receded.
Marine scarp - Marks th e top edg e of a marine w av e-cut scarp; h ach ures point dow nslope.     

Meltwater channel - Arrow  sh ow s trace of former meltw ater ch annel; arrow h ead sh ow s
direction of w ater flow .

7

Esker ridge crest - Ch ev rons sh ow  direction of g lacial metlw ater flow .> > > > > >

Glacial striation locality - Arrow  sh ow s ice-flow  direction(s) inferred from striations on
bedrock.  Dot marks point of observ ation.  Number is azimuth  (in deg rees) of flow  direction.
W h ere relativ e ag es are know n, flag g ed arrow  sh ow s older flow  direction.
Crescentic mark - Arrow  sh ow s direction of ice-flow .  Dot indicates point of observ ation.
Number is azimuth  (in deg rees) of flow  direction.

Boulder surface mantle - Area of boulders cov ering  th e g round surface on top of oth er
material such  as till or bedrock.  Boulders typically cov er 50 to 100 percent of th e g round
surface.  Av erag e boulder size is 0.6 to 1 m (2-3 ft) and rang es from 0.3 to 5 m (1 to 15 ft).

Bedrock - Areas sh ow n as solid g ray are w h ere 25% or more of th e land surface is knobs of
bare or v eg etation-cov ered bedrock ledg e.  Th in (.3-1 m [1-3 ft]) g lacial, colluv ial, and/or
residual materials ov erlie th e bedrock betw een knobs.  On h ig h er, more steeply sloped areas
75-100% of th e surface is bare or v eg etation-cov ered ledg e.  W h ere g ray spots lie w ith in oth er
colored areas of g lacial deposits, th e g ray spots are bedrock ledg es projecting  th roug h  th e
g lacial deposits.

rk

Thick Till - P oorly sorted mixture of g rav el, sand, silt and clay (diamict) deposited directly by
g lacial ice and h av ing  a th ickness of 3-10 m (10-33 ft).  Land surface is often more bouldery
th an th e underlying  till due to remov al of smaller surface material by running  w ater or w av es.
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Rock slide scarp - Marks top edg e of dow n dropped rock slide mass.  Hach ure marks point
dow n th e slip direction.

     
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This map supersedes
Open-File Map 15-30.


