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Surficial Geology

SURFICIAL GEOLOGIC HISTORY

Surficial g eolog ic mapping  of th e H ow land quadrang le w as conducted by Rog er
LeB. H ooke from th e 2004 to 2014 field seasons.

SOURCES OF MAP INFORMATION

___Road cuts, riv er banks, and g rav el pits prov ided th e best exposures in th e quadrang le, but w ere not common. Elsew h ere, a soil probe w as used to
obtain samples from a depth of, usually, ≥0.3 meters. Occasionally a h and aug er w as used to g et samples from as deep as 2 meters. Observ ation points
w ere located by h and-h eld GPS; most are sh ow n on th e accompanying  surficial materials map (H ooke and oth ers, in prep); some w ere omitted for
clarity.
___Many of th e map units are quite similar in appearance. P oorly sorted fine to medium sand can be found in eolian sand dunes, in th e modern
floodplain, and in riv er terraces. T h us, in th e absence of oth er data such as topog raph ic expression and/or th e h eig h t abov e th e P enobscot Riv er,
disting uish ing  among  th ese units can be problematical. Similarly, silt can be found in th e floodplain or in th e P resumpscot Formation, alth oug h  th e
latter is g enerally more compact.
___P ebble g rav els, similar to g rav els in modern riv er bars, w ere found beneath modern floodplain deposits in sev eral places. In some cases, OSL dates
sug g est th at th e g rav els are Late Pleistocene or early H olocene in ag e, and are likely remnants of a braidplain th at existed immediately prior to th e
initiation of riv er ag g radation about 6,000 years ag o.
___Some w etland (H w ) units and layers of P resumpscot (P p) silt are <0.5 m th ick. T h in accumulations of th e latter w ere locally present on till, and are
sh ow n as P p/t.
___Ow ing  to th e g radational nature of many contacts and th e density of sampling  points, some contacts may be mislocated by ov er 100 m. T h e size of
some units, particularly bedrock outcrops and units exposed in riv er banks, h as been exag g erated for clarity.

ACCURACY OF MAPPING
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Amsterdam.

Borns, H .W . Jr. and H ag ar, D.J., 1965. Late-Glacial Stratig raph y of a North ern P art of th e Kennebec
Riv er V alley, W estern Maine. Geolog ical Society of America Bulletin 76, 1233-1250.
H ooke, R. LeB., H anson, P.R., Belknap, D.F. and Kelley, A.R., in press. Late glacial and H olocene
h istory of th e P enobscot Riv er in th e P enobscot Low land, Maine.  T h e H olocene.

Kelley, J.T ., Belknap, D.E, Kelley, A.R. and Claesson, S.H ., 2013. A model for drow ned terrestrial
h abitats w ith associated arch eolog ical remains in th e north w estern Gulf of Maine, U SA. Marine Geolog y
338, 1-16.

Kelley, A.R., Kelley, J.T ., Belknap, D.F., and Gontz, A.M., 2011. Coastal and terrestrial impact of th e
isostatically forced Late Q uaternary drainag e div ide sh ift, P enobscot and Kennebec Riv ers, Maine, U SA.
Journal of Coastal Research  27(6), 1085-1093.
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SOURCES OF RELATED INFORMATION

Figure 1: Cross section of H oytv ille esker looking dow n-flow  about 3
km south  of north ern edg e of quadrang le.

Figure 2: Sand and g rav el deposited in submarine fan. V iew  is upflow
on dow nflow  side of larg e esker h ead in Greenbush  quadrang le.

Figure 4: Excav ation in th e w all of an abandoned g rav el pit. T ubes
contain samples th at w ere dated by OSL  (9.0±0.8 ka; upper tube) and
(11.4±1.2 ka; near low er tube).  Fine-g rained sediment in upper 0.75 m
and flat surface at top are part of modern floodplain. T otal depth  of
excav ation: 1.7 m. Site is in th e P assadumkeag  quadrang le.

Figure 3: Road (pav ement v isible on rig h t under fence and in distance)
damag ed by collapse of P resumpscot Formation in Greenbush
Q uadrangle. Note exposure of square cement-block casing  around old
storm drain in center of imag e.

Figure 6: Eolian dune topog raph y in Greenbush  quadrang le. OSL
dating of sand in an adjacent dune sug g ests th at it w as last activ e about
9,900 years ag o.

Figure 5: Eolian dune in th e Greenbush  quadrang le. Cross-
stratification can be seen. T h is dune w as last activ e about 10,800 years
ag o.

Figure 7: T erraces H t2 and H t8 on w est bank of P enobscot Riv er just
south  of confluence w ith  P iscataquis Riv er in H ow land. P h oto taken 15
February 2016 w h en riv er stag e w as 3.4 m below  th e mean annual
flood lev el.
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Ha Modern floodplain - Floodplains are th ose areas th at, on av erag e, are flooded once ev ery
couple of years. H ig h er surfaces are terraces, H t. Records from a g ag ing  station at W est
Enfield sug g est th at th e g ag e h eig h t of th e mean annual flood, th at w ith  a recurrence interv al of
2.33 years, is 4.6 m. T h us, surfaces th at w ould be flooded at th is g ag e h eig h t are mapped as
floodplain. Floodplains in th e H ow land Q uadrang le are typically underlain by moderate to dark
yellow ish  brow n, unstratified, mature, rath er poorly sorted, v ery-fine sand and silt (Figure 4).
Coarser sands or small-pebble g rav els may occur at depth  (Figure 4), but some of th ese are
Late Pleistocene or early H olocene in ag e.

1 0 10.5 Mile

1 0 10.5 Kilometer

1000 0 1000 2000 3000 4000 5000 6000 7000Feet

Hw Holocene wetlands - Dark g ray or black org anic muck. Most boundaries are taken from th e
U .S. Geolog ical Surv ey 1:24,000-scale H ow land topog raph ic map.

Pt Glacial till - P oorly sorted silty fine- to medium sand w ith  pebbles, cobbles, and boulders in
road cuts and g ranules and small pebbles in soil probe samples. Scattered cobbles and boulders
commonly protrude from th e g round surface.

Bedrock outcrops - Small areas of exposed bedrock.  Dots mark locations of indiv idual
outcrops.

af Artificial fill- Areas of fill emplaced by h umans.

Contact- Boundary betw een map units. Dash ed w h ere approximately located.

Glacial striation locality - Arrow  sh ow s trend of g lacial ice-flow  inferred from striations on
bedrock. Dot marks point of observ ation. Number is azimuth (in deg rees) of flow  direction.

Maine

Seboeis Lincoln
W est

H ardy
P ond

P assadumkeagH ow landLag rang e

OlamonSouth
Lag rang e Greenbush

125



165

CONT OU R INT ERV AL 10 FEET

___During th e adv ance of th e Laurentide Ice Sh eet in th e late
W isconsin, th e bedrock in th e H ow land quadrang le (larg ely low - to
medium-g rade metasedimentary rocks of th e Siluro-Ordov ician
V assalboro Formation (Osberg  et al, 1985)) w as scoured by th e ice and
th en typically cov ered by till. During  deg laciation, w ater draining
along  th e bed of th e ice sh eet melted tunnels upw ard into th e ice.
Coarse g rav els w ere deposited in th ese tunnels. W h en th e ice melted,
th e g rav els w ere left as ridg es (Figure 1), now  called eskers (Pge). One
such  esker runs th e leng th  of th e quadrang le. W h en th e eskers w ere
forming, th e w eig h t of th e ice h ad depressed th e land below  sea lev el
and th e ice sh eet ended in th e sea.
___W h erev er th e ice marg in remained in one location for a period of
years, th e esker-forming  w ater melted larg e portals in th e ice marg in,
and th e w ater velocity decreased as it expanded from th e tunnel into
th ese portals. T h is deceleration led to deposition of coarse-g rained
“esker h eads” (Pger) in th e portals and of finer g rained submarine fans
(Pmf) (Figure 2) dow nflow  from th e portals. Furth er retreat commonly
left a drape of fine sand ov er th e esker. Farth er from th e ice front, silt
and clay settled out of th e w ater, forming  a layer of marine mud ov er
th e till – th e P resumpscot Formation. Along  th e P enobscot Riv er,
P resumpscot clay is locally g reater th an 7 m th ick, and because it is
w eak and plastic, it h as a tendency to slow ly collapse into th e riv er,
sometimes taking  roads w ith  it (Figure 3).
___T h e ice marg in w as probably retreating  across th e H ow land
quadrang le about 15,400 years ag o (Borns and oth ers, 2004).
Measurements of th e marine limit in nearby areas (T h ompson and
oth ers, 1989) sug g est th at only th e top 18 m (60 ft) of th e h ill in th e
north w estern corner of th e quadrangle is likely to h av e been abov e sea
lev el at th is time. Most of th e quadrang le w as submerg ed under up to
60 m (200 ft) of sea w ater.
___By about 14,000 years ag o th e ice marg in h ad retreated to north ern
Maine, but th e H ow land quadrang le w as still larg ely under w ater and
marine muds w ere still accumulating , albeit slow ly. Comparison w ith  a
relativ e sea lev el curv e compiled by Kelley and oth ers (2013) sug g ests
th at th e quadrangle probably emerg ed abov e sea lev el about  13,500
years ag o. As th e sea retreated and th e land emerg ed, w av e action and
th en rainfall eroded th e P resumpscot from many of th e h ig h er areas. As
th e ice retreated north w ard and th e sea south w ard, th e P enobscot Riv er
spread a load of coarse sand and g rav el along  its leng th ening  course.
Grav el, some of w h ich  is likely from th is time period, can be observ ed
beneath  th e modern floodplain in many places (Figure 4).
___T h e low est stand of sea lev el, ~60 m below  present sea lev el,
occurred about 12,000 years ag o (Kelley and oth ers, 2013), but
bedrock outcrops south  of th e quadrang le limited th e effect th is h ad on
th e riv er in th e H ow land quadrang le.
___Betw een ~12,000 and ~9,000 years ag o, flow  in th e P enobscot
Riv er decreased as th e last ice in th e h eadw aters melted, th e climate
became drier (W ebb et al. 1993), and rebound of th e land sh ifted th e
drainag e of Mooseh ead Lake from th e W est Branch of th e P enobscot
Riv er into th e Kennebec Riv er (Balco et al. 1998; Kelley et al., 2011).
T h e drier climate persisted to ~7,000 years ag o.

___During th e dry spell, sand, likely blow n in by prev ailing  w esterly
w inds, accumulated in eolian dunes (Figures 5 and 6). Dates on sand
from th ese dunes, obtained by th e optically-stimulated luminescence
meth od, rang e from 7,700 to 10,800 years ag o (H ooke and oth ers, in
press). T h e most extensiv e dunes lie east of th e P enobscot Riv er in th e
Greenbush  quadrang le, th e neig h boring  quadrang le to th e south ,
sug g esting th at th e riv er w as th e source of th e sand. H ow ev er, in th e
H ow land quadrang le oth er dunes lie w est of th e riv er, sug g esting  a
source furth er w est as prev ailing  w inds w ere from th at direction. In
w estern Maine, Borns and H ag ar (1965) and McKeon (1989) also
mapped dunes and a sand blanket. T h e dune sh ape and stratification
sug g ested w inds from th e north w est and w est-north w est. T h e source
w as inferred to be fluv ial sediments, partly glacial (outw ash) and partly
postg lacial in ag e, in th e Kennebec riv er valley. T h e sand deliv ered to
th e P enobscot Riv er exceeded th e riv er’s ability to mov e it, and
alth oug h  a lot w as carried dow n to P enobscot Bay w h ere it formed a
delta th at is now  submerg ed (by a furth er rise in sea lev el) off Castine
(Belknap et al., 2005), a lot w as also deposited in th e P enobscot v alley,
resulting  in ag g radation and formation of a braidplain 6-8 m abov e th e
modern floodplain. After ~6,500 years ag o th e climate became w etter
and former sediment sources became stabilized by v eg etation so th e
sediment supply decreased.  Consequently, th e riv er beg an to cut dow n
leav ing  th e braidplain as a terrace (Ht8 in th e north east quadrant
g rading  to H t6 in th e south east corner) (Figure 7). T h is terrace is
informally named th e Sug ar terrace as it is w ell dev eloped on Sug ar
Island, an island in th e riv er ~3 km south of th e H ow land quadrang le.
In places th e braidplain sediments in th e Sug ar terrace are as much  as 8
m th ick. P auses in th e dow ncutting  left local strath  terraces. T h ese are
typically 1 to ~6 m abov e th e modern floodplain (Figure 7).
___During th e period of ag g radation, th e riv er w as more extensiv ely
braided th an it is today. Linear w etlands (Hw) east of th e riv er in th e
Greenbush  quadrang le are interpreted to be paleoch annels dating  from
th is time period. In th e H ow land quadrang le, tw o of th ese
paleoch annels lie w est of th e riv er just south  of H ow land, and a th ird is
east of th e riv er at U T M coordinates (529,200E, 5,006,100N). A
calibrated radiocarbon date on w ood from th e base of th e peat filling
th e latter sug g ests th at it w as abandoned as an activ e anabranch  of th e
riv er somew h at before 4,100 years ag o (H ooke and oth ers, in press).
T h e sample came from a core taken ~200 m east of th is quadrang le’s
eastern boundary.
___Dow ncutting  of th e P enobscot w as larg ely arrested by exposure (or
re-exposure) of bedrock outcrops. One such  outcrop is at th e north ern
edg e of th e quadrang le and anoth er is ~2 km south  of th e south ern
boundary. As a result of th ese and oth er bedrock th resh olds furth er
north , w ith  stretch es of low  riv er g radient betw een th resh olds, th e riv er
now  carries a finer sediment load, and h as been building  its present
floodplain.
___During th e last 9,000 years or so, w etlands (Hw) h av e formed
th roug h out th e quadrang le as lakes eith er drained or became filled w ith
sediment.

1:24,000SCALE

Note: T h e first letter of each  map unit indicates th e g eneral ag e of th e unit:
H= H olocene (postg lacial deposit; formed during  th e last 11,700 years).
Q= Q uaternary (deposit of uncertain ag e usually late-g lacial and/or postg lacial).
P = Pleistocene (deposit formed during  g lacial to late-g lacial time, prior to 11,700 yr B.P. [years before
present]).

Base map features from Maine Office of GIS - 1:24,000 U SGS contour
lines, E911 roads, 1:24,000 National H ydrog raph y Dataset, U SGS
GNIS placenames and 1:24,000 political boundaries.  Map projection
U niv ersal T ransv erse Mercator, North  American Datum, 1927.
T h e use of industry, firm, or local g ov ernment names on th is map is for
location purposes only and does not impute responsibility for any
present or potential effects on th e natural resources.
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He Eolian sand - P oorly to moderately sorted, moderate yellow ish  brow n, medium sand. Dune
stratification w as observ ed in exposures in sand pits (Figure 5). Dune topog raph y is diag nostic
(Figure 6), but some sand in topog raph ically relativ ely featureless areas is also mapped as
eolian. Some of th ese could be nearsh ore P p or abandoned braidplains (terraces - H tx).

Htx River terraces - (Figure 7). Medium to coarse sand or larg er material, up to pebble g rav el
underlying  topog raph ic terraces. W ell stratified in g ood exposures. Deposited during  a period
of riv er ag g radation betw een ~9,000 and ~6,000 years ag o and later incised. During  incision,
pauses in dow ncutting  left strath  terraces (H t1-6). T h e dig it at th e end of th e symbol is th e
approximate h eig h t, in meters, of th e terrace abov e th e modern floodplain.  T h e h ig h est terrace
is H t8 in th e north east, near H ow land, and g rades to H t6 in th e south east.

Pmf Submarine fan- Medium sand to pebble g rav el (Figure 2) deposited dow nflow  from an esker
h ead (P g er). Fans are inferred to h av e formed in th e sea w h ere esker-building  g lacier meltw ater
flow s, h av ing left th eir coarse g rav el load in an esker h ead as th ey emerg ed from a subg lacial
tunnel, deposited finer material in a submarine fan. T h e fan may drape a continuation of th e
esker.

Pge Esker gravels - Ridg es of pebble or small-cobble g rav el (Figure 1), commonly draped by fine
sand (nearsh ore P p).

Pger Esker head - T h ese are areas w h ere, w h en traced south w ard, an esker rises g radually and th en
drops off sh arply or (in some quadrangles) merg es w ith  a delta. Dow nflow  (south w ard) th e
coarse esker g rav els typically interfing er w ith  and ev entually transition to finer g rav els and
sand in submarine fans. Some esker h eads are also draped by fine sand (nearsh ore P p).

Pp Presumpscot Formation - Moderately-sorted v ery fine sand, silt, clayey silt, or silty clay,
commonly lig h t g ray (ca N6 or N7), but may be lig h t oliv e g ray (5Y 5/2) to pale yellow ish
brow n (10Y 6/2) w h ere oxidized. Commonly stiff or compact.  V ery fine sand facies is
interpreted as h av ing  been deposited nearer th e source.

Pp/t Thin Presumpscot over till - Marine silt or silty clay, less th an ½ m th ick,
ov erlying  g lacial till (P t).

Ptd Drumlin- Glacial till (P t) molded by ice flow  into a streamlined h ill alig ned w ith th e direction
of glacier flow .

rk Bedrock outcrops- Size of exposures is typically exag g erated for clarity.

Gravel pit- Areas of disturbed earth .

Glacially streamlined hill (drumlin) - Symbol sh ow s long axis of h ill or ridg e inferred to
h av e been sh aped by flow  of g lacial ice. Axis is parallel to former ice-flow  direction.



Optically stimulated luminesce age- Ag es are in th ousands of years before present.

      Stream channel (paleochannel bank) - Bank of abandoned stream ch annel.

Optically-stimulated luminescence dating
___Optically-stimulated luminescence, or OSL dating  is based on th e fact th at, w h en sand g rains are buried, radioactiv e decay of potassium (K),
uranium (U ), and th orium (T h ) in th e surrounding  sediment adds electrons to th e g rains. T h e number of electrons in th e g rains increases w ith  time at a
rate dependent on th e concentration of K, U , and T h  in th e surrounding  sediment. H ow ev er, exposure to ultrav iolet radiation in sunlig h t totally depletes
th e electrons in about 40 seconds!
___T o obtain an ag e, one must measure th e electron energ y stored in th e g rains and th e rate of electron production in th e surrounding  sediment.
Samples are collected by h ammering opaque tubes into th e sand and capping  th e tubes (Figure 4). Sand at th e ends of th e tubes is discarded during
processing in th e laboratory because it h as been exposed to sunlig h t during sampling . T h e ag e obtained is th e time since th e sample w as last exposed to
sunlig h t.

7.5ka

Ptw Water-washed glacial till - Silty sand w ith  boulders, interpreted to be w ater-w ash ed till


