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IN TRO DUC TION

De tailed sur fic ial map ping of the South Harp swell 7.5-
 minute quad ran gle was con ducted by the authors in 1994.  Two
maps were pro duced for the Maine Geo logi cal Sur vey (MGS) at
a scale of 1:24,000:  a sur fic ial geo logic map (Ber no ta vicz and
Dubois, 1999a) and a sur fic ial ma te ri als map (Ber no ta vicz and
Dubois, 1999b).  The geo logic map shows the vari ous types of
sur fic ial sedi men tary de pos its formed dur ing the most re cent
(late Wis consi nan) gla cia tion, as well as those formed dur ing
post gla cial (Holo cene) time.  The ma te ri als map shows the lo ca -
tions of sites that were ex am ined in the field, and the re corded
thick nesses and com po si tion of de pos its.  These maps serve to
pro vide the pub li c and State, Fed eral and mu nici pal agen cies
with in for ma tion needed for spe cific stud ies.  The fol low ing re -
port de scribes the sur fic ial de pos its that were found within the
quad ran gle, as well as the gla cial and post gla cial his tory of the
area.

Pre vious Work and Ac knowl edg ments

Re con nais sance sur fic ial map ping and other work was
con ducted in the study area by Marita Bry ant (MGS, un pub -
lished data), W. B. Thomp son (MGS, un pub lished data), J.M.
Clinch (MGS, un pub lished data), and Pres cott and Thomp son
(1977).  Ad di tional stria tion meas ure ments were pro vided by
A. M. Hussey (un pub lished data).  The authors would also like to 
thank the many land own ers that al lowed us onto their prop erty.

Lo ca tion

The South Harp swell 7.5- minute quad ran gle is lo cated in
south east ern Cum ber land County.  Ap proxi mately 95% of the

quad ran gle is cov ered by Casco Bay.  The land area con sists
mostly of is lands.  The larger is lands in clude a por tion of Great
Che bea gue Is land, Jew ell Is land, Cliff Is land, and Has kell Is -
land.  There are also many smaller is lands within the bay.  The
other small ar eas of land in clude the tips of South Harp swell
Pen in sula and a small por tion of Bai ley Is land.

The to pog ra phy within the study area has mod er ate re lief
over all, with ele va tions rang ing from sea level to a high point of
160 ft (49 m) on Great Che bea gue Is land in the north west ern cor -
ner of the quad ran gle.  The other is lands all have low re lief, rang -
ing from sea level to an av er age of 60 ft (18 m).  The is lands are
sepa rated by ma rine troughs in clud ing Luckse Sound, Broad
Sound, and Mer ri coneag Sound.  Depths in the sounds range
from about 40 to 205 ft (12- 63 m).

SURFICIAL  GEOLOGY

Bed rock and Thin Drift

Bed rock out crops are abun dant along the shore lines of all
the is lands and South Harp swell Pen in sula.  There is an ob vi ous
struc tural con trol on the is land to pog ra phy and trough ori en ta -
tion, re sult ing from the north east strike of the un der ly ing bed -
rock.  In di vid ual out crops are not in di cated on the map; in stead,
they are in cluded in the ar eas des ig nated by the thin- drift pat tern
(hori zon tal lines).  This pat tern cov ers much of the study area.  It
in di cates a thin dis con tinu ous ve neer (gen er ally less than 10 ft)
of sur fic ial sedi ments over bed rock, with ledge ex posed in many
places.  The sur fic ial ma te ri als most of ten found in the thin- drift
ar eas are near shore de pos its (unit Pmn) that re sulted from ma -

1



rine ero sion and re work ing of older sedi ments as the sea re -
gressed in late- glacial time. 

 Many is lands were mapped as a “thin drift, un dif fer en ti -
ated” unit (Ptd).  This unit is a thin, dis con tinu ous ve neer of till or 
near shore sedi ments over ly ing bed rock.  It is com mon in ar eas
where ma rine ero sion and re de po si tion of sedi ments oc curred
dur ing the late- glacial ma rine sub mer gence.  Unit Ptdu dif fers
from or di nary “thin drift” in that it is a much thin ner ve neer in
which it is dif fi cult to dis cern the com po si tion or ori gin of the
sedi ment due to ex ten sive re work ing.

Till

Till (map unit Pt) oc curs as a map pa ble unit at only a few lo -
ca tions within the study area.  This unit con sists of gray to gray -
ish brown or red dish brown, com pact, sandy- silty sedi ment
de pos ited di rectly by gla cial ice.  The unit is stony, with clasts
that range from an gu lar to sub- rounded, and has a poorly sorted
tex ture.  The best ex po sures of till were found on Jew ell Is land,
along the north west ern shore, and on Great Che bea gue Is land in
the south east cor ner and in vari ous lo ca tions in the cen ter por tion 
of the is land.  Till un der lies ma rine near shore de pos its on the tip
of the South Harp swell Pen in sula and at Ba sin Point.  The over -
ly ing near shore de posit is ap proxi mately 3 ft (1 m) thick at both
lo ca tions, and the un der ly ing till con sists of an gu lar to sub-
 rounded fine- grained stones in a gray ish clayey ma trix.

Pre sump scot For ma tion

The Pre sump scot For ma tion (unit Pp) was first de fined by
Bloom (1960).  It is a gla cioma rine mud that oc curs over much of 
south ern Maine.  This unit con sists of silt and clay.  It is gray ish
blue in the un weath ered state and weath ers to a brownish gray
color.  The Pre sump scot For ma tion was de pos ited dur ing the
late- glacial ma rine  in un da tion of the coastal low lands of Maine
dur ing the re ces sion of the Lau ren tide Ice Sheet.

Ex po sures of the gla cioma rine mud can be found along the
north west ern shore of South Harp swell Pen in sula, and along the
east ern and north ern shores of  Great Che bea gue Is land. The
thick ness of this unit within the study area was hard to de ter mine. 
An ex po sure on the east ern shore of Great Che bea gue Is land
showed a thick ness of ap proxi mately 6 ft (2 m), but the thick ness
is ex pected to vary greatly from place to place.

Ma rine Near shore and Shore line De pos its

Dur ing the re gres sion of the late- glacial sea (due to iso -
static up lift of the earth's crust), the gla cial de pos its were re -
worked by ma rine pro cesses as rela tive sea level fell.  This
re sulted in the depo si tion of the ma rine near shore de pos its (unit
Pmn).  This unit is the most abun dant sur fic ial ma te rial within
the quad ran gle, and is most com monly as so ci ated with the thin
drift ar eas.  It cov ers most of the smaller is lands and a large por -
tion of Great Che bea gue Is land and South Harp swell Pen in sula.

The ma rine near shore unit con sists of a red dish brown to
gray ish brown grav elly sand.  It is poorly sorted with lo cal strati -
fi ca tion. The clasts are usu ally an gu lar to sub rounded.  How ever, 
a few ex po sures ex hibit a well- sorted sandy unit with rounded
clasts.  This type of sedi ment was well ex posed in two gravel pits
on the north ern part of Great Che bea gue Is land.  The first pit ex -
posed a spit de posit with coarse, well- sorted, rounded gravel
over ly ing dip ping sand beds.  The lat ter beds are com posed of
well- stratified sand and fine gravel and dip to the north west.  The 
other pit, near the ceme tery, shows the typi cal red dish brown,
poorly sorted but well strati fied, sand and gravel.  The clasts are
quite an gu lar within the de posit.

Mod ern Shore line De pos its

The Holo cene shore line or beach de pos its (unit Hms) are
pres ent along much of the coast line on all the is lands and in a few 
places on South Harp swell Pen in sula.  These de pos its of ten oc -
cupy shel tered in lets and coves where wave re work ing of older
sedi ments takes place.  The unit ranges from peb bly, coarse
gravel beaches to fine sandy beaches like those found on the
east ern edge of Cliff Is land and Great Che bea gue.  Ea gle and
Jewel Is lands both have large peb bly and cob bly beaches.

Gla cial and Post- Glacial His tory

Dur ing gla cial ad vance in south west ern Maine, ero sion by
the ice pro duced a dis tinct northwest- southeast linea tion trans -
verse to the northeast- southwest struc tural grain of the bed rock
in the State (Thomp son and Borns, 1985).  Azi muths of gla cial
stria tions within the study area range from 160$ to 190$.  The
south east trend of the stria tions found on the is lands cuts the
northeast- southwest trend of the bed rock as in di cated by the ori -
en ta tion of the is lands and troughs within the quad ran gle.

The gla cial ice mar gin be gan to re treat from its ter mi nal po -
si tion in the Gulf of Maine ap proxi mately 17,000 to 15,000 years 
ago (Tu cholke and Hol lis ter, 1973).  It was pre vi ously thought to
have reached the po si tion of the pres ent Maine coast line ap -
proxi mately 13,800 yr B.P. (Smith, 1985).  How ever, new data
from ra dio car bon dat ing of Port lan dia arc tica shells in di cates
that the ice mar gin may have been at the Maine coast much ear -
lier, ap proxi mately 14,800 yr B.P. in Scar bor ough (Do rion, un -
pub lished data, 1993) and by about 14,000 yr B.P. in Free port
(Wed dle and oth ers, 1993).  There fore, the ice mar gin proba bly
stood within the South Harp swell quad ran gle some time just
prior to 14,000 yr B.P.

Dur ing ice re treat, the coastal low lands of the state be came
sub merged be neath the sea due to lin ger ing iso static crus tal de -
pres sion caused by the large mass of the ice sheet.  The ice re -
mained in con tact with the sea and grounded be low sea level
dur ing its re treat across the coastal low lands.  Dur ing this time
the older gla cial de pos its and those as so ci ated with ice re treat
were draped by ma rine clay and silt of the Pre sump scot For ma -
tion (Bloom, 1960).  This unit is found in the low ar eas of the
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quad ran gle where the depth to bed rock is rela tively high.  A well
situ ated within the Pre sump scot unit on the south east ern shore of 
Great Che bea gue Is land has a depth to bed rock of 20 ft (6 m) as
in di cated by the well cas ing.  A well just to the north, how ever,
shows a depth to bed rock of only 3 ft (1 m).  The sec ond well is
situ ated in the near shore unit (Pmn) that thinly over lies the bed -
rock of the is land, whereas the first well is lo cated in an area were 
the bed rock is much lower, there fore al low ing the ma rine clay to
in fill the de pres sion.

The coastal zone re mained sub merged to depths of more
than 300 ft (92 m) (Smith, 1982; Thomp son and Borns, 1985;
Smith, 1985) un til the ice mar gin had re treated north west up into
the high lands of west ern Maine and north ern New Hamp shire.
The rate of gla cial iso static up lift be came greater than the rise of
eustatic sea level, caus ing a re gres sion of the sea.  Dur ing this
time, the gla cial de pos its were washed and re worked by the re -
treat ing sea, form ing the domi nant near shore and beach de pos its
over the older gla cial de pos its (Wed dle and other, 1993).  This
thin unit is found through out the study area.  The coastal zone fi -
nally emerged by ap proxi mately 12,000 B.P. along east ern
Maine and by 11,500 B.P. in south ern Maine (Smith, 1985).  The
sea was proba bly gone from  the study area by 12,800 (Wed dle,
un pub lished data, 1994).  As the sea reached its pres ent po si tion
due to con tin ual rise of eustatic sea level fol low ing crus tal up lift,
the Holo cene beach de pos its formed in the shel tered in lets and
coves along the shore lines of many of the is lands, most no ta bly
Cliff and Jew ell Is lands.

REFERENCES

Ber no ta vicz, A., and Dubois, M., 1999a, Sur fic ial ge ol ogy of the South Harp -
swell quad ran gle, Maine:  Maine Geo logi cal Sur vey, Open- File Map
99- 100.

Ber no ta vicz, A., and Dubois, M., 1999b, Sur fic ial materials of the South Harp -
swell quad ran gle, Maine:  Maine Geo logi cal Sur vey, Open- File Map
99- 40.

Bloom, A. L., 1960, Late Pleis to cene changes of sea level in south west ern
Maine:  Augusta, Maine, De part ment of Eco nomic De vel op ment, 143 p.

Pres cott, G. C., Jr., and Thomp son, W. B., 1977, Re con nais sance sur fic ial ge ol -
ogy of the South Harp swell quad ran gle, Maine:  Maine Geo logi cal Sur -
vey, Open- File Map 77-6.

Smith, G.W., 1982, End mo raines and the pat tern of last ice re treat from cen tral
and south coastal Maine, in Lar son, G. J., and Stone, B. D. (eds.), Late
Wis consi nan gla cia tion of New Eng land:  Ken dall Hunt, Du buque, Iowa, 
p. 195- 209.

Smith, G. W., 1985, Chro nol ogy of Late Wis consi nan de gla cia tion of coastal
Maine, in Borns, H. W., Jr., La Salle, P., and Thomp son, W. B. (eds.), Late 
Pleis to cene his tory of north east ern New Eng land and ad ja cent Que bec:
Geo logi cal So ci ety of Amer ica, Spe cial Pa per 197, p. 29- 44.

Thomp son, W. B., and Borns, H. W., Jr., 1985, Sur fic ial geo logic map of Maine:
Maine Geo logi cal Sur vey, 1:500,000- scale map.

Tu cholke, B. E., and Hol lis ter, C. D., 1973, Late Wis consi nan gla cia tion of the
south west ern Gulf of Maine:  new evi dence from the ma rine en vi ron -
ment: Geo logi cal So ci ety of Amer ica, Bul le tin, v. 84, p. 3279- 3296.

Wed dle, T. K., Ko teff, C., Thomp son, W. B., Re telle, M. J., and Marv in ney, C.
L., 1993, The late- glacial ma rine in va sion of coastal cen tral New Eng -
land (north east ern Mas sa chu setts - south west ern Maine): Its ups and
downs, in Che ney, J. T., and Hep burn, J. C., eds., Field trip guide book for 
the north east ern United States: Uni ver sity of Mas sa chu setts, Con tri bu -
tion - Ge ol ogy De part ment, no. 67, v. 1, p. I-1 to I- 31.

3

Surficial geology of the South Harpswell quadrangle




