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IN TRO DUC TION

Sur fic ial map ping in the Free port 7.5' quad ran gle was con -
ducted dur ing 1990 and 1991 as part of the Maine Geo logi cal
Sur vey ba sic geo logic map ping pro gram.  The pur pose of this
pro gram is to pro vide de tailed geo logic in for ma tion for use by
the gen eral pub li c, mu nici pal, state, and fed eral agen cies, and for 
fun da men tal back ground in for ma tion for site- specific stud ies.
A sur fic ial geo logic map (Wed dle, 1999a) and a sur fic ial ma te ri -
als map (Wed dle, 1999b), both at 1:24,000 scale, have been com -
piled.  The ma te ri als map shows the thick ness and com po si tion
of sur face ma te ri als at points where sur face and sub sur face ob -
ser va tions were made.  The geo logic map shows the dis tri bu tion
of geo logi cal units and fea tures that rec ord the geo logi cal his tory 
of the quad ran gle.  In this re port, the sur fic ial de pos its mapped in 
the quad ran gle are de scribed, and the gla cial and post gla cial his -
tory of the quad ran gle is pre sented.

PREVIOUS  WORK  AND  ACKNOWLEDGMENTS

Early de scrip tions of the sur fic ial de pos its in the study area
are found in Stone (1899), Leavitt and Perkins (1935), Do na hue
(1949), and Zink (1953).  A re gional over view of the gla cial his -
tory and of gla cioma rine de pos its in south west ern Maine can be
un der stood by read ing Bloom (1960, 1963), Stuiver and Borns
(1975), Smith (1982, 1985), Thomp son (1982, 1987), Thomp -
son and Borns (1985), Thomp son et al. (1989), Smith and Hunter 
(1989), Re telle and Bither (1989), Kel ley et al. (1992), and Wed -
dle et al. (1993).  Soils in the quad ran gle have been mapped by
Hed strom (1974).

The sur fic ial ge ol ogy of the Free port quad ran gle has been
mapped pre vi ously at re con nai sance level by Bloom (1960),
Pres cott and Thomp son (1977), and Smith and Thomp son
(1986).  Part of the sur fic ial ge ol ogy as pre sented in this study is
taken from Pres cott and Thomp son (1977) as shown on Fig ure 1
in this re port.  Other mod ern work in cor po rat ing sur fic ial ge ol -

ogy in the study area in cludes Pres cott (1967, 1968), Ger ber
(1979), Tep per et al. (1985), Amos and Sand ford (1987), Hay
(1988), De vin and San ford (1990), and Mayer (1990).  Wet lands
map ping of the Free port quad ran gle is pub lished in draft form by 
the U.S. De part ment of the In te rior Na tional Wet lands In ven -
tory.

Sources of stria tion data and out crop lo ca tions for the is -
lands found in the quad ran gle in clude un pub lished data from
A.M. Hussey II (Bow doin Col lege) and un pub lished Maine
Geo logi cal Sur vey data (Marita Bry ant, Bates Col lege).  

Sources of sub sur face in for ma tion in clude bor ing logs
from the Maine De part ment of Trans por ta tion along I-95 and the 
bridge cross ing Mill Stream at Mast Land ing.  Re view of re ports
on file at R. G. Ger ber, Inc. to sup ple ment sur fic ial and sub sur -
face data was gen er ously al lowed by Rob ert Ger ber, in clud ing
the Town of Free port Bed rock Aq ui fer Study, R. G. Ger ber, Inc.,
1986; Ground Wa ter Re source Analy sis, Harp swell, R. G. Ger -
ber and J. R. Rand, 1982; and Geo tech ni cal In ves ti ga tion, West
Harp swell Ele men tary School, R. G. Ger ber, Inc., 1988.  Other
sources in clude L. L. Bean, Inc., ware house ex pan sion stud ies,
Free port; geo tech ni cal data from Tho mas Schwarm (Ground wa -
ter Tech nol ogy) at the mili tary fuel tank stor age site in Harp -
swell; data from the Free port Sewer Dis trict, cour tesy of Ralph
Oul ton (ABB En vi ron men tal Serv ices, Inc.); and test pit lo ca -
tions on Mere Point (Don ald New berg, Kim ball/Chase Co., Inc.,
Bath, Maine).  Vicki Lowe (Bar tol Pub li c Li brary, Free port, and
Free port His tori cal So ci ety) and Joan Hoppe (Bruns wick) pro -
vided in for ma tion on the lo ca tion of aban doned gran ite quar ries
and brick yards.

Se lected rec ords from the Maine Geo logi cal Sur vey bed -
rock well da ta base in ven tory pro vided depth to bed rock in for -
ma tion.  The lo ca tion of wells in the MGS well in ven tory is
based on tax lot map lo ca tions and not nec es sar ily on field ob ser -
va tion.  Drafts of this re port were cri tiqued and im proved by
John Gosse, Don New berg, and Woodrow Thomp son. 
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Fig ure 1.  Lo ca tion map show ing the Free port 7.5'
quadrangle.  Inset map shows area mapped by W. B.
Thompson.



LOCATION,  TOPOGRAPHY,  AND  DRAINAGE

The Free port 7.5' quad ran gle is lo cated on the coast of
Maine in east ern Cum ber land County be tween 43o45'00" and
43o52'30" N lati tude and 70o00'00" and 70o07'30" W lon gi tude
(Fig. 1).  It in cludes part of each of the com mu ni ties of Free port,
Harp swell, Bruns wick, Cum ber land, and Yar mouth.  Ele va tions
within the quad ran gle range from sea level to ap proxi mately 260
feet (78 m) above sea level (asl) at Hedge hog Moun tain in the
north west cor ner of the quad ran gle.  Most of the quad ran gle has
low to mod er ate re lief, how ever, the maxi mum re lief of ap proxi -
mately 220 feet (66 m) oc curs be tween sea level and a hill west of 
the Cush ing Briggs sec tion of Free port.

Ap proxi mately 60% of the quad ran gle is cov ered by Casco 
Bay, part of the At lan tic Ocean, and there are nu mer ous is lands
pres ent, the larg est of which in clude Birch Is land, Up per and
Lower Goose Is land, Bust ins Is land, Mosh ier Is land, Whale boat
Is land, and por tions of Lit tle john and Great Che bea gue Is lands.
Sev eral long pen in su las are promi nent, in clud ing Wolf Neck,
Fly ing Point Neck, Mere point Neck, and Harp swell Neck.  The
pen in su las form the land pe rime ter of coastal es tu ar ies in clud ing
the Har ras ee ket River, Maquoit Bay, and Mid dle Bay.  There is a
strong northeast- southwest trend to the to pog ra phy in the study
area, which re flects the con trol of land forms by bed rock strike in
the re gion.

Most of the main land is drained in the west ern part of the
quad ran gle by tribu tar ies to the Har ras ee ket River es tu ary, in -
clud ing Frost Gully, Al len Range Brook, Mill Stream, and Kel -
sey Brook.  Mer rill Brook drains the north west ern cor ner of the
quad ran gle and is tribu tary to the Cous ins River in the ad ja cent
Yar mouth quad ran gle.  The cen tral part of the quad ran gle is
drained by the Lit tle River, and the east ern por tion is drained by
Bun ganuc Stream and its tribu tar ies.

BEDROCK  GEOLOGY

The bed rock ge ol ogy of the Free port quad ran gle has been
mapped by Hussey (1981, 1985).  The bed rock units are domi -
nated by in ter bed ded gneiss and grano fels, schist, and am phi bo -
lite.  The for ma tions mapped in the quad ran gle in clude the Casco 
Bay Group in the south east ern part of the quad ran gle, the
Falmouth- Brunswick se quence in the cen tral part of the quad -
ran gle, and in the north west ern part the Hutchins Cor ner For ma -
tion (for merly the Vas sal boro For ma tion; Os berg, 1989).  These
units are cut by nu mer ous peg ma tites and, in places, by dia base
dikes, the lat ter found, for ex am ple, at the east end of Bun ganuc
Point and on the east side of Wolf Neck Point in the state park.
The struc ture of the bed rock is strongly con trolled by northeast-
 southwest trend ing folds and faults.  More de tailed in for ma tion
re gard ing the bed rock ge ol ogy of the re gion can be found in
Hussey (1988, 1989).

SURFICIAL  GEOLOGY

Bed rock and Thin- Drift Ar eas

Bed rock has been mapped along the shore line and on the
main land where it crops out.  It is shown on the main land as a
solid sym bol or on small is lands with the no ta tion rk (rock).
Much of the area is mapped as thin drift (Ptdu) where sur fic ial
ma te rial over bed rock is less than 10 feet (3 m) thick.  In di vid ual
out crops in these ar eas are not al ways in di cated on the map.  The
sur fic ial de pos its most of ten found in thin- drift ar eas are till, ma -
rine de pos its, gla cioma rine de pos its, or near shore de pos its.

Till

Till (Pt) is found at some sur face lo cali ties and is re ported
in sub sur face test bor ings.  It is com monly a com pact, gray to ol -
ive gray, peb bly, silty, sandy, poorly sorted de posit (dia mic ton).
It is found over ly ing bed rock in lo ca tions along the coast, and a
good ex am ple oc curs at Ash Point Cove in the south east cor ner
of the quad ran gle.  A large er ratic boul der  greater than 4000 ft3

(>1200 m3), proba bly as so ci ated with till depo si tion, is found on
Harp swell Neck ap proxi mately 1000 ft (300 m) north of the
junc tion of Ash Point Cove Road with Route 123 (D.W. New -
berg, pers. com mun., 1992).  Good ex po sures of the com pact
dia mic ton also are found along the west shore of Harp swell Neck 
south of the U.S. Na val Re serve tank farm.  A loose, ol ive gray,
peb bly sandy dia mic ton is pres ent in places, for ex am ple, at the
south end of Bar tol Is land in the Har ras ee ket River es tu ary and at 
an ex po sure in the cove south of Whites Point on Harp swell
Neck.  Loose, gray, silty sandy dia mic ton as so ci ated with
subaque ous out wash is found in gla cial sub ma rine fan de pos its
(de scribed be low) in the gravel pit ad ja cent to Lane Ceme tery
along Pleas ant Hill Road in Free port. 

Stratified- Drift Ice- Marginal De pos its

Cer tain ice- marginal de pos its be low the ma rine limit in
Maine have been termed strati fied end mo raines be cause of their
geo mor pho logic and sedi men to logic char ac ter (Ash ley et al.,
1991).  They are line arly lo bate ridges, com prised of ice- tunnel
de pos its (es kers), sub ma rine fans, del tas, and as so ci ated ice-
 proximal dia mic ton de pos its, and may con tain de for ma tion
struc tures due to ice- marginal push or over rid ing.  Not all the
above fea tures are pres ent in the Free port quad ran gle; how ever,
those pres ent are sub di vided for dis cus sion into sub ma rine out -
wash fans and end mo raines.  The end mo raines are most likely
com plexes of sub ma rine fans com prised of subaque ous out -
wash, or they may be “wash board” or De Geer mo raines (Sug den 
and John, 1988; Lundqvist, 1981), but be cause of lack of ex po -
sure are here only termed end mo raines.  These ice- front de pos its 
are gen er ally par al lel to the former mar gin of the re treat ing ice
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sheet (Ash ley et al., 1991) and there fore can be used to trace ice
mar ginal po si tions dur ing de gla cia tion.

End Mo raines.  End mo raines (Pem) have not been widely
rec og nized in the Free port quad ran gle.  Some are mapped in the
north west cor ner of the quad ran gle in Mer rill Brook val ley, Frost 
Gully, and east of Win ston Hill, as well as on Fly ing Point Neck
near Brick yard Cove and at Goose Point in the cen ter of the
quad ran gle.  These mo raines are small, usu ally oc cur ring in clus -
ters, not more than 10- 20 feet (3 - 6 m) high, 100 feet (30 m)
wide, and 1000 feet (300 m) in length.  Sur face auger holes ex -
pose sandy dia mic ton in the mo raine.  In gen eral, the mo raines
have a northeast- southwest trend (azi muth range 60o - 70o) and
are com monly as so ci ated with sub ma rine fan de pos its.  North of
Frost Gully along Route 125 in the Lis bon Falls South quad ran -
gle, sev eral end mo raines and as so ci ated fans are ex posed in a se -
ries of aban doned and ac tive gravel pits.  The in ter nal struc ture
of these mo raines was not ex posed any where in the Free port
quad ran gle.   How ever, Re telle and Bither (1989) have de scribed 
in de tail a mo raine in Top sham (Bruns wick quad ran gle), about 8
miles north east of Free port.  Many end mo raines in the Free port
re gion are proba bly hid den by over ly ing gla cioma rine de pos its.  

The hum mocky, mo rainic to pog ra phy is some times pro -
nounced by gul ly ing due to stream ero sion, es pe cially where the
mo raines are man tled by gla cioma rine mud, for ex am ple, the
Mer rill Brook mo raines in the Free port quad ran gle.  How ever,
posi tive iden ti fi ca tion of the mo raines is not al ways ac com -
plished.  The trend of the to pog ra phy in the Lit tle River val ley
due south of Fly ing Point Ceme tery is simi lar to the trend of the
mo raines in the quad ran gle.  Ex po sures at the head of gul lies in
this area and at cut banks on the Lit tle River ex pose only Pre -
sump scot For ma tion and no mo rainic de pos its.  The gul lies have
steep walls and flat, wide floors, and the land sur faces be tween
the gul lies are flat  and all at the same ele va tion.  Al though the to -
pog ra phy may be due to bur ied mo raines draped by the Pre sump -
scot For ma tion, there is no evi dence that strongly sup ports this,
and thus this to pog ra phy is in ter preted to be ero sional and is not
mapped as mo raine.

Sub ma rine Out wash Fans.  Sub ma rine outwash- fan de -
pos its (Pmf) are not well pre served in the study area be cause of
re moval and slump ing of sand and gravel in ex ca va tion pits.
Sev eral ex hausted pits are pres ent on the map, which by vir tue of
rem nant ma te rial and map mor phol ogy are in ter preted as sub ma -
rine fans.  These in clude the fans be tween Win ston Hill and the
Cush ing Briggs sec tion of Free port, the fan south of Hedge hog
Moun tain, and the fan ad ja cent to Lane Ceme tery on Pleas ant
Hill.  North of the Pleas ant Hill fan, sev eral in ac tive gravel pits
are pres ent in the ad ja cent Lis bon Falls South quad ran gle along
Mill Stream val ley.  Based on sub sur face data along this val ley,
Ger ber (1979) re ports a dis con tinu ous es ker sys tem bur ied by
thick gla cioma rine mud.  An es ker sys tem is a se ries of sinu ous
ridges com prised of coarse- grained flu vial ma te rial trans ported
and de pos ited in the ice- tunnel sys tem which de pos ited fans and
as so ci ated fine- grained ma te ri als at the ice mar gin.  As with the
end mo raines and es ker sys tem, smaller fans may be pres ent in

the Free port quad ran gle, but are cov ered by later gla cioma rine
de pos its and were un de tected.

A natu ral cut along Mill Stream at the aban doned mill site
in the Maine Audubon So ci ety Mast Land ing Sanc tu ary ex poses
dis tal de pos its of ei ther two small stacked fans, or two sepa rate
stacked lobes of a sin gle fan (Pmfml).  Here, in ter bed ded strati -
fied sand, silt, and clay over lie sandy dia mic ton which rests on
stri ated bed rock (striae 170o).  The younger fan de pos its in clude
8 feet (2 m) of in ter bed ded silt, clay, and fine sand with drop -
stones (beds 1 - 3 in (2 - 7 cm) thick).   The un der ly ing older fan
de pos its in clude 1 foot (30 cm) of medium- to fine- grained mas -
sive sand, faintly bed ded at its base, over 3 feet (1 m) of in ter bed -
ded coarse to me dium sand, fine sand, silt, and clay with
drop stones (beds 0.25 - 1ft  (7 - 30 cm) thick).  Av er age bed ding
ori en ta tion of the fan de pos its is 285o/9oSW.  The un der ly ing
sandy dia mic ton is about 3 feet (1 m) thick and con tains stri ated
clasts, of which sev eral large clasts have a pre ferred 347o trend,
con sis tent with the stria tions on the un der ly ing bed rock.  In as so -
cia tion with these fea tures, the lack of graded beds or sedi men -
tary struc tures in the unit, and its mas sive char ac ter with re spect
to over all grain- size dis tri bu tion based on vis ual ob ser va tions,
the dia mic ton is in ter preted as a sub gla cial de posit (lodge ment
till).  At the top of the dia mic ton, a dis con tinu ous peb ble lag is
pres ent, pre served as pods of crudely strati fied peb ble gravel be -
tween the dia mic ton and the over ly ing strati fied units.  Large
clasts, pro trud ing from the top of the dia mic ton, are draped by
the ba sal lay ers of the over ly ing strati fied de pos its.  The up per
part of the dia mic ton and the peb ble lag may be ma te ri als re -
worked  from the dia mic ton and de pos ited by melt wa ter.  The ice
mar gin re treated north of the site prior to the depo si tion of the
over ly ing fan sedi ments.

In all ex ca va tions, the rem nant ma te ri als in the north (ice-
 proximal) side of the pits con sist of peb bly coarse sand, with
cob bles and large boul ders strewn about on the pit base.  In the
Pleas ant Hill fan, sandy dia mic ton is pres ent in its north face.  On 
the south (ice- distal) side of the pits, in gen eral, gla cioma rine
mud or silty fine- grained sand over lies or is in ter bed ded with
planar- bedded sand which over lies grav elly sand.  Both the
Hedge hog Moun tain fan (Pmfhm) and the early Win ston Hill fan 
(Pmfwh1) pits are floored by bed rock.  Striae ori ented 172o are
pres ent on the bed rock floor of the early Win ston Hill fan pit.

Pre sump scot For ma tion

Gla cioma rine mud (Pp) in the south ern Maine re gion has
been named the Pre sump scot For ma tion by Bloom (1960).  The
silt and clay of this unit oc cu pies most of the val leys in the study
area.  Sub sur face data and sur face ex po sures show that the unit
di rectly over lies bed rock, till, fans, and end mo raines, and can be 
in ter bed ded with subaque ous out wash.  It can be mas sive or lay -
ered, con tain ing out sized clasts, and in places is fos si lif er ous.  It
has a blue- gray color un weath ered, and an ol ive gray color when
weath ered.  Frac ture sur faces in the weath ered Pre sump scot For -
ma tion com monly are stained by iron- manganese ox ides.  The
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Pre sump scot For ma tion was de pos ited by gla cio flu vial ac tiv ity
dis charg ing ma te rial into the gla cial sea.  Based on as so ci ated
fos sil as sem blages, it is con sid ered a late Pleis to cene cold- water
ma rine unit (Bloom, 1960).  It can be stra tigraphi cally re lated to
ice- marginal de pos its, hence in its old est stra tigraphic po si tion,
it is also gla cioma rine in ori gin.  How ever, up sec tion at some
point it be comes ex clu sively ma rine when it is no longer di rectly
linked with gla cial ice in con tact with the ocean. 

An ex ten sive ex po sure of strati fied gla cioma rine mud is
found at the bluff west of Bun ganuc Point in Bruns wick and has
been de scribed by Zink (1953), Amos and Sand ford (1987), and
Hay (1988).  Belk nap et al. (1989) and Belk nap and Shipp
(1991) de scribe the Bun ganuc sec tion as an ex am ple of draped
gla cioma rine mud partly de pos ited un der an ice shelf near the
ice- grounding line.  In this re port, the Bun ganuc bluff is in ter -
preted as a time- transgressive sec tion, rep re sent ing dif fer ent de -
po si tional en vi ron ments over time, and is de scribed later in the
text.

A sandy fa cies of the Pre sump scot For ma tion found over -
ly ing the fine- grained fa cies has been de scribed for south west -
ern Maine (Smith, 1982, 1985; Thomp son, 1982, 1987).  The
con tact be tween the fa cies is re ported to be sharp or gra da tional,
and the ori gin of the sandy fa cies ap pears to be as so ci ated with
shoal ing dur ing the re gres sion of the sea.  It also has been de -
scribed as a gra da tion fa cies be tween the clay and the del taic/fan
fa cies (Ko teff, 1991), al though this in ter pre ta tion places it stra -
tigraphi cally be low the re gres sive de pos its.  

In ter bed ded sand and clayey silt in the Free port quad ran gle 
over ly ing mas sive Pre sump scot For ma tion mud are pres ent at
Bun ganuc bluff, as well as at lo ca tions in ad ja cent quad ran gles
and in test- boring re ports in the area.  How ever, the in for mal
term sandy Pre sump scot For ma tion as used by oth ers as a map -
pa ble unit (e.g., Smith, 1988; Hil dreth, 1999a,b; Hunter,
1999a,b) is not used in the Free port quad ran gle.  This unit has
been as so ci ated by these work ers with ma rine re gres sive de pos -
its, stra tigraphi cally above the mas sive mud of the Pre sump scot
For ma tion (sensu stricto).  In some in stances, mas sive sand
proba bly of  flu vial ori gin and un con forma bly over ly ing the Pre -
sump scot For ma tion has been mapped as sandy Pre sump scot
For ma tion (Smith, 1977; Smith and Thomp son, 1986).  In the
Free port quad ran gle, the term near shore de posit (Pmn) is used
for shal low wa ter or wave- reworked de pos its as so ci ated with
ma rine trans gres sion and re gres sion (see be low).  Dis tal sand re -
lated to subaque ous gla cioma rine fan or delta depo si tion and in -
ter bed ded with the Pre sump scot For ma tion is con sid ered part of
the Pre sump scot For ma tion and is mapped as such (Pp).

The Pre sump scot For ma tion in the quad ran gle has vari able 
thick ness, and can be greater than 70 feet (21 m) thick in places
(De vin and Sand ford, 1990).  Wa ter well rec ords show thick ness
of over bur den as much as 243 feet (74 m) at a well on Lower
Mast Land ing Road in Free port, al though the rec ord does not in -
di cate if the to tal thick ness is gla cioma rine mud.

In the Free port quad ran gle, molds of fos sil shells have been 
re ported from the Pre sump scot For ma tion by Bloom (1960)

from a gravel pit 0.8 miles (1.3 km) north of Free port Vil lage on
the east side of Route 1.  The pit is no longer ex posed, and no fos -
sils were found at the site.

Near shore and Shore line De pos its

Sub se quent to the depo si tion of the Pre sump scot For ma -
tion, ex ist ing units were re worked by the ma rine re gres sion, and
near shore de pos its (Pmn) were laid down.  Wa ter depth and rela -
tive sea level in the re gion were con trolled by glacio- isostatic re -
bound and eustatic sea level changes, and dur ing the late
Pleis to cene in this area, iso static con di tions were preva lent
(Stuiver and Borns, 1975; Belk nap et al., 1987; Kel ley et al.,
1992).  These de pos its are found in many lo ca tions, as a thin to
thick ve neer of sedi ments rang ing in grain size from coarse grav -
els to mas sive mud; how ever, most are not shown on the map be -
cause they are not thick enough to ob scure the un der ly ing units.
These de pos its are the re sult of wave ac tiv ity in late Pleis to cene
near shore or shallow- marine en vi ron ments (sub tidal, la goonal,
and beach en vi ron ments; cf. Re telle and Bither, 1989), and com -
po si tion ally re flect the un der ly ing par ent ma te rial.  How ever,
they are not as so ci ated with a defi nite shore line mor phol ogy.
Thick near shore de pos its (Pmn) shown on the map are found
near Burr Ceme tery and South Free port Ceme tery.  Near shore
de pos its also are of ten as so ci ated with thin- drift ar eas.  The unit
de scribed pre vi ously as sandy Pre sump scot For ma tion, rep re -
sent ing shal low ing con di tons dur ing ma rine re gres sion, is in -
cluded in this de scrip tion of near shore de pos its.  It was proba bly
de pos ited af ter the gla cier was well out of the area.  

De pos its with shore line mor phol ogy (beach, spit, or tom -
bolo, for ex am ple) are des ig nated by the map unit Pms (Pleis to -
cene ma rine shore line).  On Harp swell Neck in the south east ern
part of the quad ran gle, an ex ca va tion ad ja cent to the mili tary
tank farm ex posed 8 feet (2.5 m) of cross- bedded coarse grav elly 
sand over ly ing a thin de posit of gla cioma rine mud and silty
sandy dia mic ton.  The ex po sure is in a cur vi lin ear ridge which
has a shallowly- dipping south west face and a steeper- dipping
north east face.  Here the crest of the ridge trends 295o - 300o, and
uni di rec tional cross- bedding in the de posit dips gen tly to the
south west (205o trend, near per pen dicu lar to the crest of the
ridge), as slightly convex- up pla nar and tan gen tial cross- beds in
tabu lar sets.  Shell frag ments found in mud on the dia mic ton sur -
face be low the peb bly sand were ra dio car bon dated and pro vided 
an un cor rected age of 12,850 + 45 yr BP (Zir phaea cris pata;
OS- 2348, WHOI).

Slightly far ther south on Harp swell Neck, slumped and
over grown aban doned gravel pits are found in an other se ries of
cur vi lin ear ridges ori ented sub par al lel to the ridge ad ja cent to
the tank farm.  These pits con tain peb bly sand simi lar to the de -
posit ad ja cent to the tank farm.  The crests of the ridges trend
from 295o to 350o, are found at ele va tions be tween about 80 to
100 feet (24 - 30 m) asl, and are in ter preted as Pleis to cene shore -
line de pos its (Pms) be cause of their mor phol ogy and ori en ta tion
to the open ocean.  Where the de pos its are ex posed, the size-
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 sorting within lay ers, open- work tex ture, and sedi men tary struc -
tures such as tabular- bedding sets ori ented shore ward in the de -
pos its in di cate near shore pro cesses formed the ridges.  The lack
of in ter bed ded os cil la tory rip ple struc tures in the de pos its is in -
ter preted as a re sult of a high- energy en vi ron ment, also re flected
in the coarse ness of the sedi ment in the ridges.

In the ad ja cent Bruns wick quad ran gle to the north east, an
ex ten sive sand plain is found be tween 50- 100 feet (15 - 30 m) asl
and rep re sents a pe ri od when fal ling sea level sta bi lized long
enough for it to form.  The beach ridges on Harp swell Neck are
found in this ele va tion range and are in ferred to have formed at
this time as well.  The ridge at about 60 feet (18 m) asl on Route
123 that con nects West Harp swell with South Harp swell is peb -
bly sand simi lar to that in the higher ele va tion ridges.  This lower

ridge may have formed some what later than the higher ridges
and proba bly rep re sents a tom bolo which con nected West and
South Harp swell dur ing that time.  A wa ter well at a home along
the low point on the flank of the tom bolo is re ported by the owner 
to have pene trated 110 feet (33 m) of Pre sump scot For ma tion
bef ore reach ing bed rock.  

Holo cene De pos its

Holo cene wet lands have been mapped as fresh wa ter wet -
lands (Hw) or as salt marsh wet lands (Hwsm).  Test bor ing logs
along the salt marsh near Mast Land ing in Free port re port up to
25 feet (7.5 m) of flu vial and es tu ar ine sand and organic- bearing
sand be low salt marsh peat.  Holo cene beach de pos its (Hms) and
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Fig ure 2.  Sche matic chart show ing cor re la tion of geo logic units in the Free port 7.5' quad ran gle.  End mo raine (Pem) and ma rine
fan (Pmf) units are read from left to right and bot tom to top, cor re spond ing to west to east and south to north, re spec tively, on the 
sur fic ial ge ol ogy map.  Age es ti mates are in un cor rected ra dio car bon years (Stone and Borns, 1986; un pub. data in Wed dle et al., 
1993).  Time scale not linear; time constraints on units uncertain.



mud flats in the Free port quad ran gle are pres ent along the mod -
ern shore line.  At Bun ganuc bluffs, a small salt marsh bi sects the
bluffs.  Ero sion of the marsh has ex posed logs un der the marsh
peat.  The logs are hori zon tally ori ented and are not tree stumps
killed in growth po si tion.  They ap pear to be from a slump and
are found in less brackish- water marsh de pos its over lain by
more saline- water marsh de pos its (Wil liam Duffy, pers. com -
mun., 1992).

GLACIAL  AND  POSTGLACIAL  HISTORY

Qua ter nary Ge ol ogy

The gla cial de pos its in the Free port quad ran gle were de -
rived from the last ice sheet which cov ered Maine.  Gla cial striae
and stream lined hill di rec tions in the quad ran gle vary within
10o-15o of 180o.  Ex cep tions to this are found on Harp swell Neck 
where at a few sites striae trend ing 110o, 112o, and 147o oc cur on
coast line bed rock ex po sures.  On the east ern shore of Ba sin
Cove on Harp swell Neck, the 112o trend is the young est of a mul -
ti ple stria tion read ing.  The gla cial ori gin of this trend is sus pect
be cause of the lack of many other lo cali ties where this trend is
found.  Be cause the east- oriented stria tions are found only im -
me di ate ly along the coast, they could be due to scratch ing from
de bris fro zen in the base of near shore sea ice, or by moor ing
lines.  At the Ba sin Cove lo ca tion, which is at a boat launch, the
striae are short and dis con tinu ous, how ever, at the other sites
they are long and con tinu ous.

The striae which trend east of 180o are more com monly
found on the main land, whereas the striae west of 180o are more
com monly found on the pen in su las and the is lands in the quad -
ran gle.  At the Ba sin Cove mul ti ple stria tion site, striae trend ing
170o are older than striae trend ing 196o, which in turn are cut by
112o striae.  On the north end of Harp swell Har bor, a large 186o

trend ing groove con tains 170o trend ing striae.  Southwest-
 trending striae are re ported to be cut by southeast- trending striae
on the east shore of Sta ples Cove (R. G. Ger ber, pers. com mun.,
1991).  

The southwest- oriented striae found along the the pen in su -
las and is lands in Casco Bay re flect the strong topo graphic con -
trol on the Late Wis consi nan ice by the north east trend of the
bed rock struc ture in the area.  For ex am ple, Hussey (1981, 1985) 
maps the trend of the Fly ing Point fault along Maquoit Bay just
east of Bun ganuc bluff.  Ma rine seis mic sur veys by Kel ley et al.
(1987) in the bays east of the bluff show that depth to bed rock in
the bay troughs is over 200 feet (90 m) deep in places.  These data 
sug gest that ice pref er en tially flowed along the northeast-
 trending troughs, in which less re sis tant, brittle- faulted rock is
found.  At some lo cali ties, the southwest- oriented striae are
younger than the domi nant south east set.  How ever, this re la tion -
ship has not been seen con sis tently enough to war rant re gional
merit, and in places in the area the re verse age- sense of cross-
 cutting striae has been noted.   

There are few ex posed ice- marginal gla cial de pos its in the
Free port quad ran gle, how ever, their dis tri bu tion and ori en ta tion
on the main land re flects the flow of ice in di cated by the stria tion
di rec tion data.  The mo raines and gla cioma rine fans oc cur along
a trend nearly per pen dicu lar to the stria tion di rec tions and in di -
cate that the gla cier with drew from the coastal zone as a nearly
east- west trend ing, pro gres sively re treat ing, ac tive ice sheet,
with its  mar gin grounded in a gla cioma rine en vi ron ment.

Ice re ces sion from the Gulf of Maine proba bly be gan
some time around 17,000 yr B.P. and had re treated to near the
Free port area by about 13,000 yr B.P. (Smith, 1985; Smith and
Hunter, 1989).  Un cor rected ra dio car bon dates in the im me di ate
area pro vide mini mum dates for the de gla cia tion of the re gion.
The old est pub lished date (12,560 + 160 yr B.P.; Y- 2212) on
shells from a gravel pit in Lis bon Falls in di cates that the Free port
quad ran gle was de gla ci ated prior to this time (Stuiver and Borns, 
1975; Smith, 1985).  How ever, a date from the ad ja cent Lis bon
Falls quad ran gle (14,045 + 95; AA10164; Wed dle et al., 1993)
pro vides an older mini mal date for ini tia tion of de gla cia tion in
the area.

Dur ing the re treat of the gla cier from the Free port re gion,
the ocean was in con tact with the ice mar gin.  Pleis to cene sea
level at the time of de gla cia tion in the study area was ap proxi -
mately 280- 290 feet (85 m) above mod ern sea level (Thomp son
et al., 1989).  As the ice mar gin passed through the Free port
quad ran gle, all the present- day land was com pletely sub merged.
How ever, the ice was pinned on bed rock high lands and was
grounded in the in ter ven ing low ar eas as in di cated by the mo -
raines and in ferred ice mar ginal po si tions.  At the ice mar ginal
po si tions, end mo raines and fans com prised of subaque ous out -
wash rep re sent depo si tion by ice- tunnel or stream dis charge, or
by ice- push at the mar gin (Ash ley et al., 1991).  Two mapped
ice- margins based on rea son able cor re la tions of sur fic ial de pos -
its and sub sur face data are shown in the north west cor ner of the
quad ran gle, and two groups of ice- marginal de pos its in fer the
ice- margin po si tion in the cen ter of the quad ran gle.  The de pos its 
are regu larly younger from south to north, re flect ing the sys tem -
atic re treat of the ice in the quad ran gle.  The cor re la tions and ap -
proxi mate age of the de pos its are sche mati cally rep re sented on
Fig ure 2.

The old est po si tions iden ti fied are the se ries of mo raines
and sub ma rine fan de pos its on Fly ing Point and Fly ing Point
Neck (Pemfp, Pmffp).  Ex po sures along the coast show these de -
pos its to be sandy dia mic ton and sand over lain by the Pre sump -
scot For ma tion.  On the Fly ing Point pen in sula east of Brick yard
Cove, an aban doned pit in a mo raine con tains sandy dia mic ton
over stri ated bed rock.  Along the north east shore of Fly ing Point, 
peb bly sand and me dium- to fine- grained sand over stri ated bed -
rock are ex posed at the wave- cut base of slopes.  These sandy
units are in ter preted as subaqeu ous strati fied drift as so ci ated
with the mo raine.

The next in land po si tion of the ice mar gin is rep re sented by
the small Goose Point mo raine (Pemgp) and the Win ston Hill
fans and end mo raine (Pmfwh1,2, Pemwh).  These po si tions are
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in ferred by sur face mor phol ogy and sedi ment tex ture in poor ex -
po sures in aban doned pits.  The Goose Point mo raine and the
Win ston Hill de pos its are not cor re lated along an ice- marginal
po si tion on the sur fic ial ge ol ogy map, how ever, be cause they are 
found at nearly the same lati tude, they proba bly were formed at
nearly the same time dur ing de gla cia tion and are ten ta tively cor -
re lated (Fig ure 2).  

A small, very poorly ex posed sec tion of sandy dia mic ton
un der subaque ous out wash (Pmfbp) at the west end of Bun ganuc 
Point may mark a nearby ice mar gin.  Most of the sec tion is over -
lain by the Pre sump scot For ma tion, and there is no sur face ex -
pres sion of an ice- marginal de posit here.  The tim ing of the
depo si tion of this subaque ous out wash as noted on Fig ure 2 is
ques tion able, but it is proba bly younger than the Goose Point
and Win ston Hill de pos its.

The mo raines (Pemmb) in Mer rill Brook val ley are cor re -
lated with the mo raine just south of the rail road em bank ment
over Frost Gully (Pemfg1) north east of Free port cen ter and re -
flect the next ice- marginal po si tion.  These mo raines may cor re -
spond to bur ied fan de pos its in Mill Stream val ley iden ti fied by
Ger ber (1979) as a dis con tinu ous es ker sys tem.  The dis con tinu -
ous na ture of the es ker sys tem most likely re flects the se quen tial
re treat of the ice mar gin.  Coarse- grained de pos its in bor ing rec -
ords mark the po si tion of fans and as so ci ated es ker feed ers at the
ice mar gin.  They are sepa rated by fine- grained gla cioma rine de -
pos its along the val ley trend, which rep re sent more dis tal de pos -
its be tween con secu tive ice mar gins.  The ten ta tive po si tions of
the ice mar gins as so ci ated with these de pos its can not be veri fied
by sur face mor phol ogy be cause they are bur ied by thick Pre -
sump scot For ma tion.  How ever, the Mer rill Brook - Frost Gul ley 
mar gin is ten ta tively con tin ued east ward to Mill Stream, based
on the thick subaque ous out wash sand units en coun tered in bor -
ings along Mill Stream and by the dis tal fan de pos its at the old
mill site at Mast Land ing (Pmfml).  The Mast Land ing de pos its
are proba bly some what older than the Mer rill Brook - Frost
Gully de pos its.

The next ice- marginal po si tion can be traced from the fan
just south of Hedge hog Moun tain (Pmfhm), through a se ries of
mo raines and an aban doned gravel pit in Frost Gully (Pemfg2)
north of Route 1, to the Pleas ant Hill fan (Pmfph).  The Pleas ant
Hill fan is the larg est of a se ries of fans ex posed in gravel pits in
Mill Stream val ley which con tin ues to the north east in the ad ja -
cent Lis bon Falls South quad ran gle.  These pits are poorly ex -
posed due to slump ing and over growth, how ever, they mark
ice- marginal po si tions in that quad ran gle.

The Pre sump scot For ma tion (Pp) was de pos ited coe val
with the ice- marginal de pos its.  These sedi ments set tled out both
near and be yond the mar gin of the ice, and can be found in ter fin -
ger ing with the fan sedi ments or as a blan ket drap ing older de -
pos its.  Fos sils in the Pre sump scot For ma tion were found only at
the Harp swell Neck site in the Free port quad ran gle.  How ever,
shell frag ments have been re ported by a home owner in wash
from a wa ter well bor ing along Up per Mast Land ing Road which 
pene trated 120 feet (36 m) of over bur den.

Lo cal up lift due to iso static re bound oc curred dur ing de -
gla cia tion and re sulted in re gres sion of the gla cial sea.  An un -
cor rected ra dio car bon date of 12,820 + 120 (SI- 7017) on in- situ
in ter tidal fauna is re ported by Re telle and Bither (1989) from
near shore de pos its at an ele va tion of 152 feet (46 m) asl in a
gravel pit in Top sham (Bruns wick 7.5- minute quad ran gle).  This
date ap pears anoma lously old for the ma rine re gres sion in this
re gion when com pared to other dates (Smith, 1985).  How ever,
an un cor rected date from the same pit on Port lan dia arc tica
shells found stra tigraphi cally be low the in ter tidal fauna sets
mini mal de gla cia tion at the site at 13,315 + 90 yr B.P.
(AA10162; Wed dle et al., 1993), and  the date  from the Harp -
swell Neck site (12,850 + 45 yr B.P.) sup ports the older offlap
date.

Dur ing this rela tive fall of sea level, near shore and shore -
line de pos its were formed.  At times dur ing the re gres sion, sea
level was sta ble long enough for sand plains to form, such as the
plain in Bruns wick which oc curs at about 100 - 50 feet (30 - 15
m) asl.  Pleis to cene beach ridges on Harp swell Neck are found
within this ele va tion range.  When the 150 - 50 feet (46 - 15 m)
ele va tion range is plot ted against time on a lo cal rela tive sea level 
curve for Maine (Kel ley et al., 1992), the age of fea tures which
rep re sent shore line de pos its found in this ele va tion range is be -
tween 11,900 - 11,500 yr B.P.  The tim ing of the re gres sion sug -
gested by the sea level curve is sig nifi cantly younger than the
un cor rected ra dio car bon dates on the shells from the Top sham
pit, which in fer the time of for ma tion of the near shore de pos its to 
be closer to 13,000 yr B.P. rather than 12,000 yr B.P.

As noted pre vi ously, the bluff lo cated west of Bun ganuc
Point at the outer ex trem ity of the Bruns wick sand plain has been 
de scribed by Belk nap et al. (1989) and Belk nap and Shipp
(1991) as draped gla cioma rine mud de pos ited near the ice-
 grounding po si tion.  How ever, the ex po sures along the bluff
sug gest a time- transgressive his tory for the ori gin of the more
than 70 foot (21 m) thick sec tion re ported at the site (De vin and
Sand ford, 1990).  At the west end of the sec tion, peg ma titic bed -
rock with southeast- oriented striae is over lain by sandy dia mic -
ton and sand, which is poorly ex posed.  Ma te rial above this is
ob scured by slump and over growth.  East ward, near the top of
the sec tion is 6 to 8 feet (2 - 2.5 m) of fine- grained sand con tain -
ing clay rip- up clasts.  The clasts are found in ero sional chan nels
cut into un der ly ing strati fied sand, silt, and clay with syn de po si -
tional slump struc tures.  Drap ing or warp ing of beds in the lower
part of the sec tion at the west ern end is pres ent and may re flect a
shal low bed rock sur face.  In an other chan nel far ther east along
the top of the bluff, strati fied sand and silt beds are dis placed by
nor mal faults which do not pene trate into the un der ly ing de pos -
its. 

Be neath the chan nels and the up per sandy por tion of the
bluff, domi nantly muddy sedi ments are pres ent, best ex posed at
the east end of the sec tion.  These lower de pos its at Bun ganuc are 
thin, well- stratified, and lat er ally con tinu ous silt and clay beds,
with silty fine sand lami na tions, and rare drop stones.
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Southwest- oriented striae on dia base bed rock are ex posed at the
wa ter line at the east end of the bluff.  

Rather than rep re sent ing a sin gle de po si tional en vi ron -
ment, the com plete sec tion at Bun ganuc bluff (in clud ing sub sur -
face data) rec ords chang ing en vi ron ments over time.  An
ice- marginal com po nent (till over lain by subaque ous out wash)
is pres ent at the west ern end, over lain by a thick, muddy, dis tal
gla cioma rine fan or sub ma rine plain com po nent (cen tral and
east ern end of sec tion), in turn over lain by near shore and pos si -
bly in part flu vial de pos its (sandy, chan neled up per sec tion at
west ern end), fi nally capped by eo lian ma te rial.

By the time the Bruns wick sand plain was de pos ited, the
near est gla cial ice should have been well out of the lower An -
droscog gin River val ley (Stone and Borns, 1986).  Re con nais -
sance study in the ad ja cent Bruns wick quad ran gle and ex ten sive
test- boring data from the Bruns wick Na val Air Sta tion Su per -
fund Site re veal that the flu vial de pos its of the sand plain over lie
fine- grained de pos its (in ter bed ded sandy silt and silty sand, over
mas sive silt and clay) simi lar to that pres ent at Bun ganuc (sub -
sur face data from Bruns wick Na val Air Sta tion Su per fund Site;
Draft Fi nal Fea si bil ity Study, ABB En vi ron men tal Serv ices Inc., 
No vem ber 1991).  These re la tions sug gest the in ter bed ded sand
and silt un der ly ing the sand plain may be as so ci ated with the
depo si tion of the sand plain dur ing the ma rine re gres sion, analo -
gous to the Emb den For ma tion of Borns and Ha gar (1965) and
offlap units of the Leda Clay de scribed by Gadd (1986).  De -
tailed map ping in the Bruns wick quad ran gle may con firm
whether the up per Bun ganuc sedi ments are shoal ing de pos its
laid down as the re gion came through wave base dur ing iso static
re bound, or are es tu ar ine sedi ments re lated to the post gla cial An -
droscog gin River as it en tered the sea. 

As sea level reached its low est level, the pres ent day drain -
age be came es tab lished.  Deep ero sion in the gla cioma rine mud,
such as the gul lies found north of Bun ganuc Point and Frost
Gully north of Free port also formed dur ing this time.  Many of
these gul lies have down cut to bed rock as at Frost Gully at the
rail road cross ing and Mill Stream at Mast Land ing.  Most of the
gul lies are floored by wet land de pos its; how ever, a thin ve neer of 
Holo cene al lu vium (un mapped in this quad ran gle) is pres ent
along stretches in some val leys.  Due to the 20- foot (6 m) con tour 
in ter val on the quad ran gle, the topo graphic ex pres sion is not
well rep re sented.  Most gul lies have steep side walls bound ing a
broad, flat- floored val ley, in which stream flow dur ing floods can 
be dra matic.  Slump ing and ero sion of the gully side walls dur ing
floods is a mod ern pro cess; how ever, most of the gully ero sion
proba bly oc curred dur ing late- glacial time prior to vege ta tion.

Af ter reach ing its low est level, sea level be gan to rise re -
sult ing in ag gra da tion within river chan nels and drown ing of the
chan nels to form es tu ar ies such as the Har ras eekett River, and
Maquoit and Mid dle Bays.  Mod ern salt marshes and beaches are 
form ing in these en vi ron ments at pres ent.  Simi larly, fresh wa ter
marshes and soils have been form ing since the ex po sure of the
land to ter res trial con di tions.  The coastal evo lu tion is also a re -

sponse to the drowned coast line.  Wave en ergy pro duces boul -
dery shores where bed rock is ex posed at the coast line, mud flats
where the Pre sump scot For ma tion is domi nant, and where sand
sup ply is avail able, spits, tom bolos, and sandy beaches are pres -
ent (Kel ley, 1987).  Kel ley et al. (1987, 1990, 1992) pro vide a
dis cus sion of the off shore sub ma rine ge ol ogy of the Casco Bay
re gion in clud ing the Free port quad ran gle.

Re cent mass move ment fea tures are com mon at the coast
where land slides of the Pre sump scot For ma tion oc cur, sup ply -
ing sedi ment to ad ja cent mud flats (Kel ley, 1987; No vak, 1987,
1990).  Long- time resi dents of the Bun ganuc area in Bruns wick
re count slump ing as a very com mon oc cur rence, and note sig -
nifi cant changes to the coastal bluffs there over the years.  On the
west shore of Wolf Neck south of the “Wolf” bench mark are sev -
eral very large boul ders which have spalled from the bed rock
coast.  The larg est of these is at least 6250 ft3  (1893 m3 ) in di -
men sion.

Ar che ol ogy

The Uni ver sity of South ern Maine De part ment of
Geography- Anthropology has been ac tively con duct ing pre his -
toric and his toric ar chaeo logi cal in ves ti ga tions in the Free port
area since 1987.  There are sev eral shell mid den lo ca tions along
the coast in the Free port quad ran gle, part of the Casco Bay ar -
chaeo logi cal re search area de scribed in San ger and Kel logg
(1989).  The mid dens are as so ci ated with in habi tants from the
Ce ramic Pe ri od (3,000 to 500 yr B.P.; pers. com muns., 1992,
A.E. Speiss, Maine His toric Pres er va tion Com mis sion; N.D.
Ham il ton, Uni ver sity of South ern Maine).  How ever, ar ti facts
from the Late Ar chaic Pe ri od (5,000 to 3,000 yr B.P.) have been
found (San ger and Kel logg, 1989).  Also, a Pa leoin dian fluted
point was found at the De sert of Maine in Free port (Yar mouth
quad ran gle), re ported in a sur vey of iso lated fluted points from
Maine (Spi ess and Wil son, 1987).

Eco nomic Geo logi cal His tory

Aban doned or ex hausted sand and gravel min ing and rock
quar ry ing op era tions in the Free port quad ran gle at test to ac tive
pros pects in the past.  The only ac tive op era tion is in a grav elly
Pleis to cene beach de posit in Harp swell ad ja cent to the mili tary
fuel de pot, how ever, this de posit is not of ma jor com mer cial im -
por tance.  While there is ac tive min ing within Free port town
bounda ries, all ac tivi ties are found in the ad ja cent Lis bon Falls
South and Yar mouth quad ran gles.  The larg est rock quarry op -
era tion in the Free port quad ran gle was the E.B. Mal lett quarry on 
Tor rey Hill, ac tive circa 1900 A.D.  Mr. Mal lett was a lo cal bene -
fac tor to the town of Free port and also main tained a brick yard in
the down town.  Other lo ca tions of brick works in clude sites at
Mast Land ing and Brick yard Cove in Free port, in the Bun ganuc
area in Bruns wick, and at Brick yard Road, Sto vers Cove, Harp -
swell.
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