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Surficial Geology

³

SURFICIAL GEOLOGY OF MAINE

S urficial geologic m apping of the Brook s East quadrangle was conducted by
W oodrow B. Thom pson during the 2013 field season.  Funding for this work  was
provided by  the U. S . Geological S urvey  S TATEMAP program  and the Maine
Geological S urvey , Departm ent of Agriculture, Conservation and Forestry .

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

___A surficial geology  m ap shows all the loose m aterials such as till (com m only  called hardpan), sand
and gravel, or clay, which overlie solid ledge (bedrock ).  Bedrock  outcrops and areas of abundant
bedrock  outcrops are shown on the m ap, but varieties of the bedrock  are not distinguished (refer to
bedrock  geology  m ap).  Most of the surficial m aterials are deposits form ed by  glacial and deglacial
processes during the last stage of continental glaciation, which began about 25,000 y ears ago.  The
rem ainder of the surficial deposits are the products of postglacial geologic processes, such as river
floodplains, or are attributed to hum an activity, such as fill or other land-m odify ing features.
___The m ap shows the areal distribution of the different ty pes of glacial features, deposits, and
landform s as described in the m ap explanation.  Features such as striations and m oraines can be used to
reconstruct the m ovem ent and position of the glacier and its m argin, especially  as the ice sheet m elted.
Other ancient features include shorelines and deposits of glacial lak es or the glacial sea, now long gone
from  the state.   This glacial geologic history  of the quadrangle is useful to the larger understanding of
past earth clim ate, and how our region of the world underwent recent geologically  significant clim atic
and environm ental changes.  W e m ay  then be able to use this k nowledge in anticipation of future sim ilar
changes for long-term  planning efforts, such as coastal developm ent or waste disposal.
___S urficial geology  m aps are often best used in conjunction with related m aps such as surficial
m aterials m aps or significant sand and gravel aquifer m aps for any one wanting to k now what lies
beneath the land surface.  For exam ple, these m aps m ay  aid in the search for water supplies, or
econom ically  im portant deposits such as sand and gravel for aggregate or clay  for brick s or pottery.
Environm ental issues such as the location of a suitable landfill site or the possible spread of
contam inants are directly  related to surficial geology .  Construction projects such as locating new roads,
excavating foundations, or siting new hom es m ay  be better planned with a good k nowledge of the
surficial geology  of the site.

USES  OF  SURFICIAL  GEOLOGY  MAPS

Thom pson, W . B., Crossen, K. J ., Borns, H. W ., J r., and Andersen, B. G., 1989, Glaciom arine deltas of
Maine and their relation to late Pleistocene-Holocene crustal m ovem ents, in Anderson, W . A., and
Borns, H. W ., J r., eds., Neotectonics of Maine: S tudies in seism icity, crustal warping, and sea-level
change:  Augusta, Maine Geological S urvey, Bulletin 40, p. 43-67.

Dorion, C. C., Balco, G. A., Kaplan, M. R ., Kreutz, K. J ., W right, J . D., and Borns, H. W ., J r., 2001,
S tratigraphy, paleoceanography, chronology, and environm ent during deglaciation of eastern Maine,in
W eddle, T. K., and R etelle, M. J ., eds., Deglacial history  and relative sea-level changes, northern New
England and adjacent Canada:  Boulder, Colorado, Geological S ociety  of Am erica, S pecial Paper 351, p.
215-242.
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OTHER  SOURCES  OF  INFORMATION

Figure 1: Cross section of m oraine ridge on north side of R oute 131 in
S wanville.  The m oraine crest trends northeast.  It is com posed of till
deposited at the m argin of the last glacial ice sheet during a pause in its
recession from  the area.

Figure 2: V iew look ing south along crest of narrow esk er ridge (m ap
unit Pge), Dead Brook  valley  in Brook s.

Figure 4: V iew look ing southeast along a m eltwater channel cut in till,
west of Hask ell Hill in J ack son.  The east wall of the channel is seen at
left, and the channel floor is littered with boulders left behind when the
finer sedim ents in the till were swept away  by  strong water currents.
The stream  that eroded the channel flowed uphill under pressure in an
ice-walled subglacial tunnel that passed through the gap between
Hask ell Hill and Mason Hill.

Figure 3: Cross section of gravelly  esk er ridge associated with the
headward part of the Irish Hill glaciom arine delta in Monroe (Pm dih).
The esk er m ark s the path of a subglacial m eltwater stream  that carried
sedim ents eastward through the gap between Irish Hill and Clem ent
Hill and deposited them  on the delta.

Figure 6: Ice-contact gravel near west m argin of the Irish Hill delta.
The bedding has slum ped to a nearly  vertical orientation due to m elting
of the glacial ice against which the gravel was originally  deposited.

Figure 5: Another part of the m eltwater channel sy stem  seen in Figure
4.  The channel floor is presently  flooded by  a shallow pond.  V iew
look ing northeast, in form er upstream  direction.

Figure 8: Flat-topped deltas form ed in places where enough sedim ent
washed into lak es or the ocean to build up to the water surface.  This
view look s southeast across the top of the Irish Hill delta (m ap unit
Pm dih).  Glacial stream s would have flowed across this area.  They
carried sedim ents to the seaward edge, where the coarse sand and
gravel cascaded down the delta front, resulting in expansion of the delta
surface.  The finer silt and clay  dispersed into the ocean and eventually
settled to the bottom .

Figure 7: W ell-stratified sand and gravel in glaciom arine fan (m ap
unit Pm f) in S wanville.  This deposit was laid down at the m outh of a
glacial ice tunnel.  Meltwater poured out of the tunnel and discharged
sedim ents into the sea.  The coarse m aterial was quick ly  deposited right
at the ice m argin, form ing the accum ulation seen here.

Brooks East Quadrangle, Maine
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Ha Stream alluvium - S and, silt, gravel, and organic sedim ent.  Deposited on the flood plains of
m odern stream s.  Unit includes som e wetland areas.
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1000 0 1000 2000 3000 4000 5000 6000 7000Feet

Wetland deposits - Peat, m uck , silt, and clay.  Deposited by  accum ulation of organic-rich
sedim ents in poorly  drained areas on valley  floors and in sm all isolated areas of poor drainage.
Unit m ay  grade into or include areas of stream  alluvium .
Stream terraces - S and and gravel terraces in the Great Farm  Brook , Marsh S tream  and North
Branch Marsh S tream  valley s.  Form ed by  postglacial erosion and deposition along these
stream s.  The terraces are rem nants of form er flood plains that are generally  higher than
today ’s flood plains.

Outwash deposits - S and and gravel deposited by  glacial m eltwater stream s in the Dead Brook
and North Branch Marsh S tream  valley s, and along an unnam ed brook  in the NW  part of the
m ap area.
Ice-contact deposit - Miscellaneous sand and gravel deposits form ed by  m eltwater stream s in
contact with rem nants of glacial ice.
Glaciomarine delta - S and and gravel deposited into the sea and built up to the ocean surface.
Form ed near the glacier m argin during recession of the m ost recent (late W isconsinan) ice
sheet.  Elevation of boundary  between topset and foreset beds (T/F contact) in each delta
indicates the position of sea level when the delta was deposited (Thom pson et al., 1989).  Five
deltas have been assigned unique geographic nam es listed below:

Pm dnm  - North Monroe delta.
Pm dtm  - Twom bly  Mountain delta.  The T/F contact elevation was survey ed
at  313 ft (95.4 m ) at the site m ark ed on the m ap (Thom pson et al., 1989).
Pm dih - Irish Hill delta.  The T/F contact elevation was survey ed at 315 ft
(96.0 m )  at the site m ark ed on the m ap (Thom pson et al., 1989).
Pm ds - S wanville delta.
Pm dhb - Hussey  Brook  delta.

Glaciomarine fan - S and and gravel deposited in a subm arine environm ent at the glacier
m argin during recession of the late W isconsinan ice sheet.

Esker deposits - R idges of gravel and sand deposited by  m eltwater stream s in ice-walled
tunnels at the base of the m ost recent glacial ice sheet.  Chevrons show trend of esk er ridge and
point in direction of form er subglacial m eltwater stream  flow.
Till - L oose to very  com pact, poorly  sorted, m assive to weak ly  stratified m ixture of sand, silt,
and gravel-size rock  debris deposited by  glacial ice.  L ocally  includes lenses of waterlaid sand
and gravel.  Boulders are com m only  seen at the ground surface in areas of till.

Glaciomarine fan deposits (Pmf) overlying esker gravel (Pge) - Area in which sandy  to
gravelly  m arine fans are inferred to be underlain by  esk er gravel deposited by  subglacial
m eltwater stream s.

Bedrock outcrops/thin-drift areas - R uled pattern indicates areas where bedrock  outcrops are
com m on and/or surficial sedim ents are generally  less than 10 ft thick .  Mapped from  air
photos, ground observations and L idar im agery.  Actual thin-drift areas probably  are m ore
extensive than shown.  Dots m ark  locations of individual outcrops.

af Artificial fill - Earth, rock , and/or m an-m ade fill along roads and railroads.

Contact - Boundary  between m ap units.  Dashed where approxim ately  located.

Glacially streamlined hill - S y m bol shows trend of long axis of hill, which is parallel to
form er glacial ice-flow direction.  Many  of these hills are long and narrow till ridges,
collectively  k nown as “fluted ground m oraine”.  Farm s and fields are often situated on these
sm ooth till surfaces.

Moraine ridge - L ine shows crest of m oraine ridge deposited along the retreating m argin of
the m ost recent glacial ice sheet.  Com posed of till and/or sand and gravel.  Dashed where
identity  is uncertain.  Mapped from  field observations and L idar im agery.

Meltwater channel - Channel eroded by  subglacial or ice-m arginal m eltwater stream .  Arrow
shows inferred direction of water flow.

È

Glacial striation locality - Arrow shows ice-flow direction inferred from  striations on
bedrock .  Dot m ark s point of observation.  Num ber is azim uth (in degrees) of flow direction.
At site where two sets of striations are present and relative ages could be determ ined, the
flagged arrow indicates the older flow direction.
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___Continental glaciers lik e the ice sheet now covering Antarctica
probably  extended across Maine several tim es during the Pleistocene
Epoch, between about 2.5 m illion and 11,700 y ears ago.  The slow-
m oving ice superficially  changed the landscape as it scraped over
m ountains and valley s, eroding and transporting boulders and other
rock  debris for m iles.  The sedim ents that cover m uch of Maine are
largely  the product of glaciation.  Glacial ice deposited som e of these
m aterials, while others washed into the sea or accum ulated in
m eltwater stream s and lak es as the ice receded.  Earlier stream  patterns
were disrupted, creating hundreds of ponds and lak es across the state.
The m ap at left shows the pattern of glacial sedim ents in this
quadrangle.
___The m ost recent "Ice Age" in Maine began about 30,000 y ears ago,
when an ice sheet spread southward over New England (S tone and
Borns, 1986).  During its peak , the ice was several thousand feet thick
and covered the highest m ountains in the state.  The weight of this huge
glacier actually  caused the land surface to sink  hundreds of feet.  R ock
debris frozen into the base of the glacier abraded the bedrock  surface
over which the ice flowed.  The grooves and fine scratches (striations)
resulting from  this scraping process are often seen on freshly  exposed
bedrock , and they  are im portant indicators of the direction of ice
m ovem ent.  Erosion and sedim ent deposition by  the ice sheet com bined
to give a stream lined shape to m any  hills, with their long dim ension
parallel to the direction of ice flow.  S om e of these hills (drum lins) are
com posed of dense glacial sedim ent (till) plastered under great pressure
beneath the ice.
___A warm ing clim ate forced the ice sheet to start receding as early  as
21,000 calendar y ears ago, soon after it reached its southernm ost
position on L ong Island (R idge, 2004).  The edge of the glacier
withdrew from  the continental shelf east of L ong Island and reached
the present position of the Maine coast by  about 16,000 y ears ago
(Borns and others, 2004).  Even though the weight of the ice was
rem oved from  the land surface, the Earth's crust did not im m ediately
spring back  to its norm al level.  As a result, the sea flooded m uch of
southern Maine as the glacier retreated to the northwest.  Ocean waters
extended far up the Kennebec and Penobscot valley s, reaching present
elevations of up to 420 feet in the central part of the state.
___Great quantities of sedim ent washed out of the m elting ice and into
the sea, which was in contact with the receding glacier m argin.  S and
and gravel accum ulated as deltas (Figures 8,9) and subm arine fans (
Figure 7) where stream s discharged along the ice front, while the finer
silt and clay  dispersed across the ocean floor.  The shells of clam s,
m ussels, and other invertebrates are found in the glacial-m arine clay
that blank ets lowland areas of southern Maine.  Ages of these fossils
tell us that ocean waters covered parts of Maine until about 13,000
y ears ago. The land rebounded as the weight of the ice sheet was
rem oved, forcing the sea to retreat.

___Meltwater stream s deposited sand and gravel in tunnels within the
ice.  These deposits rem ained as ridges (esk ers) when the surrounding
ice disappeared (Figures 2,3).  Maine's esk er sy stem s can be traced for
up to 100 m iles, and are am ong the longest in the country.
___Other sand and gravel deposits form ed as m ounds (k am es) and
terraces adjacent to m elting ice, or as outwash in valley s in front of the
glacier.  Many  of these water-laid deposits are well lay ered, in contrast
to the chaotic m ixture of boulders and sedim ent of all sizes (till) that
was released from  dirty  ice without subsequent rework ing.  R idges
consisting of till or washed sedim ents (m oraines) were constructed
along the ice m argin in places where the glacier was still actively
flowing and convey ing rock  debris to its term inus.  Moraine ridges are
abundant in the zone of form er m arine subm ergence, where they  are
useful indicators of the pattern of ice retreat (Figure 1).
___The last rem nants of glacial ice probably  were gone from  Maine by
12,000 y ears ago.  L arge sand dunes accum ulated in late-glacial tim e as
winds pick ed up outwash sand and blew it onto the east sides of river
valley s, such as the Androscoggin and S aco valley s.  The m odern
stream  network  becam e established soon after deglaciation, and
organic deposits began to form  in peat bogs, m arshes, and swam ps.
Tundra vegetation bordering the ice sheet was replaced by  changing
forest com m unities as the clim ate warm ed (Davis and J acobson, 1985).
Geologic processes are by  no m eans dorm ant today, however, since
rivers and wave action m odify  the land, and worldwide sea level is
gradually  rising against Maine's coast.
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Glacial Lake Monroe delta - S and and gravel deposited in a lak e that occupied the Marsh
S tream  valley  in Monroe.  This deposit is a delta built into a tem porary  glacial lak e called L ak e
Monroe, which was dam m ed by  glacial ice farther down the valley  to the north.  In 1978, at the
large pit in the center of the delta, the author noted about 2 ft of fluvial gravel (delta topset
unit) overly ing foreset sand beds dipping to the east.  W hen this delta form ed, the lak e stood at
an elevation of about 360 ft and m ost lik ely  drained south through the gap labeled “Plm1” on
the m ap (east of Brook s village).  Further glacial retreat probably  caused the lak e level to drain
through a spillway  at about 330 ft, labeled “Plm2” (S S W  of Monroe Center).  Open triangle
m ark s delta top.

Presumpscot Formation - S ilt, clay, and fine sand deposited on the ocean floor during late-
glacial m arine subm ergence.

Scarps - Break  in slope along bottom s of scarps on east side of North Branch Marsh S tream
valley.  The scarps probably  were cut in part by  the river, but in places m ay  be the heads of
landslides that occurred in the Presum pscot Form ation.

Area of large boulders - L inear concentration of boulders resulting from  erosion of glacial
m eltwater channel in the Dead Brook  valley.

Figure 10: Marine silt and fine sand (Presum pscot Form ation)
overly ing gravelly  subm arine fan deposit   (m ap unit Pm f) in the Marsh
S tream  valley , west of R oute 141 in Monroe.

Figure 9: Gravel pit in the Irish Hill delta, showing inclined foreset
beds sloping east (seaward).  These beds were deposited on the
advancing delta front.  They  are overlain by  a thin horizontal lay er of
stream  gravel (topset bed) deposited on the delta top.  The boundary
between the topset and foreset units indicates where sea level stood
when the delta was built.

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

Presumpscot Formation (Pp) overlying glaciomarine fan (Pmf) and esker (Pge) deposits -
This is an area in which sandy  to gravelly  m arine fans are inferred to be underlain by  esk er
gravel deposited by  subglacial m eltwater stream s.  The esk er gravel has been partly  rem oved
by  pit operations.  The sand and gravel are overlain in places by  clay, silt, and sand deposited
on the sea floor as part of the Presum pscot Form ation.

Dip direction of delta foreset beds



Marine fossil locality - Age in radiocarbon y ears from  Dorion et al. (2001).

Glaciomarine delta - S olid triangle m ark s site where the elevation of the contact between
delta topset and foreset beds was precisely  survey ed (Thom pson et al., 1989).  Num ber is
contact elevation in feet.
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Kettle hole - Depression created by  m elting of large m ass of buried glacial ice and collapse of
overly ing sedim ents.
Large glacially transported boulder - L ocated on east side of the railroad track  in the Dead
Brook  valley, Brook s.

Top of glacial Lake Monroe delta - Num ber indicates approxim ate elevation (in feet) of the
form er lak e surface.
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