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IN TRO DUC TION

The Bid de ford and Bid de ford Pool 7.5-minute quad ran -
gles com prise an area of about 55 square miles (142 km2) along
the coast of south west ern Maine, within the Sea board Low land
physio graphic prov ince, about 15 miles south of Port land.  Al ti -
tudes range from sea level to about 200 feet (61 m) above sea
level.  The drain age pat tern is domi nated by the Bid de ford plu -
ton (Fig ure 1), a large oval- shaped bio tite gran ite mass that in -
truded the sur round ing Precambrian- Silurian me tasedi men tary
rocks of the Kit tery and Ber wick For ma tions about 354 mil lion
years ago dur ing the Mis sis sip ian Pe ri od (Hussey, 1985).  The
Saco River skirts the north east edge of the plu ton, and some of its 
mi nor tribu tar ies drain the north west edge and north ern part.
The Ken nebunk River flanks the south ern edge, and some of its
tribu tar ies, in clud ing Goff Mill Brook, drain the south ern part.
(NOTE:  No ma jor stream lies along the plu tonic con tact; per -
haps there is a contact- metamorphic horn fels bor der zone in the
me tasedi men tary rocks that is equally re sis tant to weath er ing
and ero sion as the mar ginal phase of the plu ton it self.)  The cen -
tral and east ern part of the plu ton is drained by sev eral small riv -
ers and brooks, all of which en ter the At lan tic Ocean via
Goose fare Bay (Fig ure 1), where a bar rier is land of sandy beach
and dune de pos its has formed across the mouths of their es tu ar -
ies.  The stream pat tern over the plu ton it self is re marka bly rec ti -
lin ear, re flect ing two ma jor roughly right- angle joint
sets—north east and north west trend ing.  The joint pat tern is very 
ob vi ous on air pho tos, es pe cially in ar eas of abun dant out crop,
but the pat tern is not ob vi ous on the topo graphic map be cause the 
20- foot con tour in ter val is too large to show the many dis tinct,
closely spaced, par al lel bed rock ridges and poorly drained val -
leys through out the ar eas of abun dant out crop (by far the ma jor
char ac ter is tic of the land sur face in this area).

Par al lel to the northeast- trending joint set, a 60- foot es -
carp ment that roughly bi sects the plu ton re flects a mapped fault
(Hussey, l985) that has ap par ent rela tive up ward dis place ment of 

the north west block and ap par ent hori zon tal south west dis place -
ment of the south east block, though the ac tual move ment is un -
known.  Note also in Fig ure 1 that the fault trace is un cer tain and
shown as a dashed line near the south ern end of the plu ton.
Drain age off this es carp ment fol lows the gen eral rec ti lin ear pat -
tern, ex cept near its south ern end where sev eral tribu tary streams 
have a pro nounced change in course to south- southwest just be -
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drain age pat tern to bed rock struc ture (from Hussey, 1985).



low the scarp (in stead of a right- angle bend to a south west di rec -
tion, which is what would be ex pected); this course change may
re flect a change in the over all joint pat tern near the fault, or a
change in the fault di rec tion, or move ment along the fault, or any
com bi na tion thereof. 

The land scape north of the Saco River in the Bid de ford
quad ran gle is pri mar ily a broad, sandy plain drained east ward to
the At lan tic by Goose fare Brook; the shore there is char ac ter ized 
by a clas sic Holo cene sandy beach com plex that stretches for
miles north ward as “Old Or chard Beach.”

The Bid de ford Pool quad ran gle con tains many rock is -
lands, the larg est two of which are con nected to the main land by
two sandy tom bolos—Fletcher Neck and Hills Beach—which
en close a shal low tidal pool that is pres ently open to the sea only
through a deep nar row chan nel be tween the two rock is lands
(Hul mes, 1981). 

There is some in di ca tion that part of the gla cial and pre gla -
cial Saco River may have fol lowed a more south erly course bef -
ore en ter ing the sea, as in ferred from the dis tri bu tion of
melt wa ter de pos its (Cald well and oth ers, 1985).  One such
course could have been into the lower Ken nebunk River, around
the north west nose of the Bid de ford plu ton (see Fig ure 1).  This
thought in vites fur ther in ves ti ga tion be yond the scope of this re -
port.  Also, dur ing re- emergence of the coast line in post gla cial
time, part of the Saco may have flowed briefly along an aban -
doned chan nel(?) that be gins at its up stream end along the cur -
rent shore of the Saco be tween Jor dan Point and St. Fran cis
Col lege, thence south east land ward of Hills Beach into Back
Bay and The Pool.   The sur face of the Pre sump scot ma rine clay
in The Pool is 15 to 20 feet be low sea level and deep ens to the
south of Fletcher Neck (Hul mes, 1979, 1981), where there ap -
pears to be an off shore sub ma rine chan nel.  The pres ent author
pro poses that, in down cut ting its chan nel through gla cioma rine
sedi ments, the an ces tral Saco en coun tered the bed rock at the
north ern end of this aban doned chan nel and was thereby di -
verted east erly into its cur rent course.

PREVIOUS  WORK

Early work on the sur fic ial ge ol ogy in south west ern Maine, 
in clud ing the Bid de ford and Bid de ford Pool area, was done gen -
er ally at a re con nais sance level and at a smaller scale (Bloom,
1960, 1963; Smith, 1977a-c).  Sub sur face data was col lected as
part of a ba sic data set (Pres cott and Drake, 1962) and sig nifi cant 
sand and gravel aq ui fers were mapped (Tol man and Lanc tot,
1985).  Pub li ca tions on the gla cial ge ol ogy of the south west ern
Maine coastal zone in clude Smith (1984, 1985), Stuiver and
Borns (1975), Thomp son (1979, 1982), and Thomp son and
Borns (1985).  The Holo cene stra tigra phy of the Bid de ford Pool
area was stud ied in de tail by Hul mes (1979, 1980, 1981).  The
Soil Sur vey of York County (Na tional Co op era tive Soil Sur vey,
1982) greatly fa cili tated field work.

GLACIATION

South west ern Maine proba bly ex pe ri enced sev eral ad -
vances of the Lau ren tide con ti nen tal ice sheet dur ing the Pleis to -
cene Ice Age, but vir tu ally all evi dence in this area for pre vious
gla cia tions was oblit er ated dur ing the last gla cia tion (late Wis -
consi nan) when the con ti nen tal gla cier ad vanced from the north -
west across the area to a ter mi nal po si tion on the con ti nen tal
shelf.  Gla cial ero sion within this area is mainly no tice able as
gla cial stria tions on freshly ex posed bed rock sur faces; some
ramp and pluck to pog ra phy on bed rock knobs, in clud ing a few
roche mou ton née and small- scale crag- and- tail fea tures in con -
junc tion with the stria tions, defi nitely rec ord south east move -
ment of the ice.  It should be noted that gla cial stria tions weather
rap idly and sur vive for a very short time (gen er ally only a few
years) af ter ex po sure to sur face ele ments in this cli mate; those
along the shore of the Saco River and At lan tic Ocean are on bed -
rock ex po sures re cently stripped of over ly ing sur face sedi ments
by storm wave ac tion.   Most oth ers were found on re cently ex ca -
vated bed rock sur faces in bor row pits.  Gen er ally, the stria tions
in di cate a south to south east di rec tion of ice flow; some varia -
tions can be at trib uted to lo cal de flec tion of the ice flow around
ir regu lari ties of the bed rock to pog ra phy.  At least four lo cali ties
had two sets of in ter sect ing stria tions—(1) in the West Brook
val ley, east of down town Bid de ford (135° stria tions are older
than 169- 183°);  (2) in a bor row pit be tween the Bid de ford City
Line and Bea ver Pond (153- 158° stria tions are older than 165-
 175°); (3) along the shore south of East Point in the Bid de ford
Pool quad ran gle (133- 137° stria tions are older than 158- 152°);
and (4) in a house foun da tion ex ca va tion on South Road next to
the Maine Turn pike where age re la tions of the stria tions were not 
clear.  Where age re la tions be tween two sets on the same out crop
are clear, the younger stria tions rep re sent a more south erly (in
places, even south west erly) ice flow di rec tion.  How ever, this
does not mean that all south erly or south west erly stria tions are of 
the same age, nor does this mea ger set of meas ure ments con sti -
tute suf fi cient data to pos tu late any thing greater than a mi nor
sec on dary pulse of ice flow in a slightly dif fer ent di rec tion from
the ear lier flow at the same site.  Even though some pre vious
work ers in ter preted some fea tures in the Ken nebunk area as evi -
dence of a gla cial read vance, the con tro versy is on go ing (Smith,
1981).

Af ter reach ing its ter mi nal po si tion on the con ti nen tal
shelf, the late Wis consi nan ice sheet be gan to re cede be tween
17,000 and 15,000 years ago, re treat ing across the Gulf of Maine 
to an off shore po si tion roughly par al lel to the pres ent coast line
about 14,000 years ago (Smith, 1985).  Shells col lected from gla -
cioma rine sedi ments ap par ently de formed by ice shove in Ken -
nebunk, just to the south west, were ra dio car bon dated at 13,200
yr B.P. (Smith, 1985).  Thus, the ice sheet ter mi nus must have
been in the Bid de ford area about that time, al though some work -
ers feel that ice had re treated far in land from the coast by 13,000
yr B.P. based on other evi dence (Thomp son and Borns, 1985).
Ad di tional data may clar ify the pic ture, even tu ally.  (NOTE:
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Some fos sil shells were col lected in a pit near Bea con Cor ner in
the Bid de ford quad ran gle dur ing field work for the pres ent re -
port, but have not yet been iden ti fied or dated.) 

“Two in di rect ef fects of gla cia tion had a very strong bear -
ing on the char ac ter of ice re treat and the depo si tion of the gla cial 
sedi ments in this por tion of the coastal zone.  First, the great
weight of the Lau ren tide con ti nen tal ice sheet de pressed the
crust be neath the gla cier sig nifi cantly be low its pres ent level
through out the re gion.  Sec ondly, as gla ciers ex panded world -
wide, wa ter was trapped on land as ice, caus ing sea level to be
low ered by sev eral hun dred feet.  Later, as the ice be gan to melt
and re treat, wa ter was re turned to the ocean and sea level rose
im me di ate ly.  At the same time, the crust be gan slowly to re -
bound to its origi nal level.  The in ter ac tion of these ef fects re -
sulted in sub mer gence of the en tire Maine coastal zone for a
pe ri od of sev eral hun dred years fol low ing the re treat of the ice”
(Smith, l999).  Within the Bid de ford area, ma rine sub mer gence
reached an es ti mated 190 feet (58 m) above pres ent sea level
(Clinch and O'Toole, 1999a,b).  Boul der ac cu mu la tions around
the sides of the 200+ foot a.s.l. stand pipe hill south of Five Points 
in down town Bid de ford sug gest the pres ence of a shore line at
about that level here.  Only a few scat tered spots in the quad ran -
gle reach barely above the 200- foot con tour, so nearly the en tire
area was sub merged dur ing the maxi mum ma rine trans gres sion.

GLACIAL  AND  POSTGLACIAL  DEPOSITS

The gen er ally ac cepted con cept of the suc ces sion of Pleis -
to cene (Late Wis consi nan) gla cial de pos its in south west ern

Maine is de picted in Fig ure 2 (Smith, 1985).  In the Bid de ford
and Bid de ford Pool quad ran gles, only dis tal glacial- marine sedi -
ments (Pre sump scot For ma tion), proximal- distal glacial- marine
sedi ments, and till are rec og nized, but most of these sedi ments
have been modi fied and some have been com pletely trans formed 
by wave and cur rent ac tion dur ing ma rine offlap.  Thus, ar eas
that are pre domi nantly sand and gravel which may have been
origi nally de pos ited di rectly from gla cial melt wa ter have been
re worked and ex hibit many char ac ter is tics of ma rine shore line
or near shore de pos its and are there fore mapped as such (Pms and 
Pmn).  The suc ces sion of sur fic ial de pos its (Holo cene and Pleis -
to cene) in the Bid de ford area is given on the cor re la tion chart
show ing the rela tive ages of the map units (Fig ure 3). 

Till (map unit Pt) oc curs through out the Bid de ford area; its
thick ness is vari able, as is its com po si tion.  Al though vari ous ge -
netic types have been found through out Maine, only the gen eral
lodge ment till was ob served here.  Lodge ment till was de pos ited
be neath the ice sheet and forms a blan ket de posit over the un der -
ly ing bed rock; it is in ferred to un der lie younger de pos its
through out the area (Fig ure 2).  In most ex po sures this till is typi -
cally a com pact boulder- pebble silt- clay. 

Dis tal glacial- marine sedi ments of the Pre sump scot For -
ma tion (Pp) and sandy ma rine sedi ments de pos ited dur ing the re -
gres sion of the sea (Pmrs) “oc cur as a dis con tinu ous cover up to
50 m thick through out the area of late- glacial ma rine sub mer -
gence.  The gen eral dis tri bu tion of the ma rine sedi ments was
origi nally mapped by Goldth wait (1949), and the sedi ments
were de scribed in de tail and given for ma tional status by Bloom
(1960).  The ma rine clay and silt (Pp) is the type Pre sump scot
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For ma tion de scribed by Bloom.  It has a gra da tional con tact with
the over ly ing sandy fa cies of the ma rine sedi ments (unit Pmrs),
which is a re gres sive deposit” (Smith, 1999).  The sand- silt sur -
face ma te rial that char ac ter izes the Pmrs unit is gen er ally only
1-3 feet thick, but may be as much as 10 feet thick in places (Na -
tional Co op era tive Soil Sur vey, 1982).  Where pres ent, the Pmrs
unit is found over ly ing the clay- silt Pp unit, but the former is not
eve ry where pres ent and may be older at one site than some of the
clay- silt de pos ited at an other site; thus, these are time-
 transgressive units.  The clay- silt fa cies of the Pre sump scot For -
ma tion gen er ally over lies till and can be found over ly ing, un der -
ly ing, and in ter tongu ing with proximal- distal gla cial ma rine
de pos its, in clud ing the Pleis to cene ma rine shore line de pos its
(Pms), as seen in bor row pits at Bea con Cor ner and Oak Ridge.

“Strati fied de pos its of sand and gravel that both un der lie
and in ter tongue with the Pre sump scot For ma tion are con sid ered
to be subaque ous out wash sedi ments (Smith, 1982, 1985;
Thomp son, 1982).  These ma te ri als are not ex posed at the
ground sur face in the study area, and thus are not shown on the
geo logic map, but they form an ex ten sive blan ket of de pos its be -
neath the younger ma rine sedi ments.  Many ex po sures of these
ma te ri als in nearby ar eas of south west ern Maine dis play a va ri -
ety of dis tinctly flu vial pri mary struc tures” (Smith, 1999). 

The sur faces of both the till and subaque ous out wash sedi -
ments have been sub stan tially re worked by waves and cur rents
in ar eas be low the ma rine limit to form near shore ma rine de pos -
its (Pmn).  Near shore ma rine de pos its in clude a wide va ri ety of
ma te ri als, from re worked till and clay to sand and gravel, that
form a gen er ally thin blan ket over bed rock.  Such de pos its above 
the 120- foot con tour are in cluded in Pmn1, whereas those be low
this ele va tion are mapped as Pmn2; this bound ary cor re sponds
roughly with the edge of the fault scarp and a mapped 120- foot
ma rine shore line, based on beach de pos its and de po si tional and
ero sional ter races of Pms2.  This was a sim ple Pmn sub di vi sion
to make be cause of the co in ci dence of the shore line fea tures with 
the scarp, but the con tour in ter val of the base map is too great for
fur ther “mean ing ful” sub di vi sion of this type of de posit in the
map area. 

The units mapped as Pms1-4 may have origi nally been de -
pos ited as proxi mal gla cial de pos its; for ex am ple, the fan- shaped 
sand and gravel de pos its that spread south east ward down West
Street and Proc tor Road may have been ma rine out wash fans
(proxi mal glacial- marine sedi ments of Fig ure 2), but these de -
pos its have been so well re worked by wave and cur rent ac tion
that ex po sures in them con sis tently re veal sedi men tary fea tures
char ac ter is tic of ma rine shore lines, such as open work gravel in
ap par ent beach ridges, lag boul der ter races and ho ri zons, and de -
po si tional di rec tions more com pati ble with ma rine shore line
pro cesses than with gla cial melt wa ter flow di rec tions in this
area.  Pms de pos its are pre domi nantly sand and gravel rep re sent -
ing shal low ma rine and/or ma rine shore line de pos its as so ci ated
with par ticu lar sea- level stands mapped on the ba sis of ero sional
and/or de po si tional fea tures at scat tered sites in the area.  Pms1

rep re sents de pos its as so ci ated with sea- level stands of 160+ and

140+ feet, based on ter races and de po si tional fea tures within
these de pos its -- es pe cially those ob served in bor row pits west of
Blue Star Me mo rial High way in Bid de ford.  A cobble- pebble-
 boulder gravel ridge at 160+ feet along Proc tor Road is also in -
ter preted as a beach ridge of this stand.  Pms2 rep re sents de pos its
as so ci ated with a sea- level stand of 120- feet a.s.l., based on lag
boul der de pos its along West St., and de po si tional and ero sional
ter races at that level around West and Dun geon Brooks and
tribu tar ies of the Lit tle and Bat son Riv ers.  Pms3 rep re sents de -
pos its as so ci ated with sea- level stands of 60+ and 80+ feet,
based on well- sorted sand and gravel de pos its and re lated scarps
at these ele va tions.  Fos sil ma rine shells were dredged up from
ma rine clays be low sand and gravel of Pms2 at Bea con Cor ner, a
lag boul der ho ri zon was found in pits north east of Ad ams Cor -
ner, a cobble- boulder beach ridge domi nates the unit along New -
town Road, and a pocket of ma rine clay was found within the
Oak Ridge pits.  (As noted pre vi ously, the cores of some of these
de pos its may be proxi mal gla cial de pos its, but I saw no une -
quivo cal evi dence of that).  Pms4 (mapped only in the Bid de ford
Pool quad ran gle) rep re sents de pos its as so ci ated with a sea- level
stand of 40- feet a.s.l., based on an up lifted beach ridge in the
golf course at Bid de ford Pool vil lage.  Some de pos its mapped as
Pmrs in the Bid de ford quad ran gle may be long in the Pms4 unit,
but I did not no tice any shore line fea tures near this ele va tion
there.

De pos its of Holo cene age are gen er ally as so ci ated with
mod ern streams, wet lands, and ma rine shore lines.  Along the
coast line they in clude salt marsh (Hwsm), ma rine shore line
(beach) (Hms), and dune (Hd) de pos its. A few small thin dune
de pos its cover salt wa ter marsh de pos its along the Saco and Bat -
son Riv ers.  One elon gate sand ridge whose crest ele va tion is
about 180 feet a.s.l. is in ter preted to be a dune de posit; it is
lumped with the Holo cene dunes on the mod ern coast line, but
may have formed when sea level stood near it while Pms1 de pos -
its were ac cu mu lat ing.  Fresh wa ter marsh (Hwfm) and swamp
(Hws) de pos its are found scat tered through out the area.  These
and the salt marshes are char ac ter ized by ac cu mu la tions of de -
cayed or ganic mat ter.  Some are un der lain by peat, in which case
the de posit is fur ther clas si fied as to thick ness and ash con tent of
the peat (see map ex pla na tion).  Al lu vial de pos its (Ha) of vari -
able thick ness and com po si tion un der lie the flood plains of most
mod ern streams; it should be noted that swamp de pos its and al lu -
vial de pos its are co in ci dent along many stretches of the stream
flood plains in this area.

Moors Brook has cut a chan nel as much as 20 feet deep
through clay- silt de pos its of the Pre sump scot For ma tion; the re -
sult ing banks are nearly ver ti cal in places and land slides (Hlsd)
have de vel oped in a few places where the steep banks have been
re cently un der cut by the brook. 

Fi nally, where the sur face con sists of sub stan tial ar ti fi cial
ma te ri als used by man to fill de pres sions, both man- made and
natu ral, or where the sur face has been so al tered by con struc tion
so as to oblit er ate the natu ral land scape, that area has been
mapped as “af”. 
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DEGLACIAL  AND  HOLOCENE  HISTORY

The Pre sump scot For ma tion, which con sists pre domi -
nantly of rock flour, was car ried by gla cial melt wa ters and de -
pos ited in a ma rine es tu ar ine en vi ron ment (Bloom, 1960) that
in cluded prac ti cally the en tire study area, as the maxi mum sub -
mer gence in the Bid de ford area was around 190+ feet ele va tion.
As the con ti nen tal ice sheet re treated north west ward, the land
be gan to re bound iso stati cally and rela tive sea level be gan to fall. 
Melt wa ter streams con tin ued to carry sedi ment to the sea as sea
level fell. “With pro gres sive low er ing of sea level, ma te ri als de -
pos ited dur ing ear lier stages of gla cia tion and de gla cia tion
passed through the wave zone, were eroded, and shed sandy
sedi ment (Pmrs) over the silt and clay (Pp) de pos ited when sea
level was higher.  Sandy to silty sedi ments eroded from till de -
pos its (Pmn) form a ve neer over till and bed rock in some parts of
the study area.  Short- term pauses in the low er ing of rela tive sea
level al lowed for greater ero sion at cer tain ele va tions, pro duc ing
wave- cut scarps and ac cu mu la tions of beach sedi ments (Pms).
Sev eral of these pauses oc curred be tween the time of maxi mum
sub mer gence and offlap to the po si tion of pres ent sea level.  Par -
ticu larly promi nent stands of sea level are re corded at ele va tions
of 220-, 200+, 190+, 140+, 100+, 80+, 60+, 40-, and 20+ ft”
(Smith, 1999) in nearby coastal ar eas.  Some of these still stands
were iden ti fied in the Bid de ford area and Pms de pos its were sub -
di vided ac cord ingly.  Some stream ter races are graded to these
same lev els and so are in cluded in the cor re spond ing de pos its.

There is some evi dence that the land emerged iso stati cally
“un til ar eas sea ward of the pres ent coast line were a mini mum of
11 m (35 ft) above pres ent sea level at that time.  Weath ered sur -
faces and tree stumps (now sub merged) date this emer gence to
be at least 4,000 years B.P.” (Hul mes, 1981).  “Rela tive sea level
on the coast of Maine has been ris ing since 4,200 years ago as re -
corded by radiocarbon- dated stumps.  Tide gauge rec ords in di -
cate this sub mer gence is con tinu ing” (Hul mes, 1981, p.198), due 
pri mar ily to eustatic sea level rise.  Coastal ma rine pro cesses

have de vel oped beaches of vari ous types, in clud ing “clean”
gravel to clas si cal sandy beaches backed by dunes, which shel ter 
the stream es tu ar ies where salt marsh de pos its (some of which
are greater that 5 feet thick) form within the zone of tidal fluc tua -
tion.  The pres ent shore line con figu ra tion was proba bly es tab -
lished by about 1,000 yr B.P., based on a ra dio car bon date for
rel ict salt marsh re cently ex posed in the beach face at Fletcher's
Neck (Vi bra core 3, Sec tion A-A', Bid de ford Pool quad ran gle),
in di cat ing a rela tively slow (18 cm/yr) land ward mi gra tion of
that beach spit (Hul mes, 1981).  Evi dence in the study area for a
post gla cial lower sea level in cludes the ap par ent ero sion chan nel 
in the Pre sump scot For ma tion be low Holo cene tidal delta de pos -
its in The Pool (See dis cus sion on same in In tro duc tion and Hul -
mes, 1980, 1981).

Mod ern streams have built flood plains that are graded to
the pres ent po si tion of sea level, and fresh wa ter wet land ar eas
con tinue to ac cu mu late de pos its of or ganic mat ter (in clud ing
peat) and fine- grained sedi ments.  Evi dence of mod ern ero sion
was pre sented in the dis cus sion on ex po sures of gla cial stria tions 
in the in tro duc tion. 
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AP PEN DIX  A.  ED ITED CORE LOG DE SCRIP TIONS AND IN TER PRE TA TIONS.
(from Hulme 1980, Ap pen dix A)

VI BRA CORE 1.  Flood- tidal delta - 510 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 40     Slip pery mud, Spar tina Marsh
       al ter ni flora rhi zomes

       Sharp con tact

40 - 65    Sand (2.0f); de crease in Chan nel sand
       or ganic con tent to 10%

65 - 130    No or gan ics - sharp in crease Edge of flood- tidal delta

       in mica; bet ter sorted; 2.5f coars ens

       down ward to 2.0f

       Sharp con tact

130 - 320   Silt layer; lay ers of silt and or ganic Tidal pool muds and 
       mat ter in ter spersed with sand, wood sands; some sands
       frag ments; sort ing and grain size vary washed in through 

       1.5 to 2.5f; bio tur ba tion through out tidal in let

       Abrupt con tact

320 - 350   Clean, mod er ately well- sorted sand Tidal delta sand washed

       1.5f in through tidal in let

350 - 510   In ter bed ded silty sands and sandy Tidal pool muds and 
       silts; very mi caceous; or ganic lay ers; sands
       pos si ble bio tur ba tion; shell frag ments
       scat tered through out

VI BRA CORE 2.  Flood- tidal delta - 498 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 40     Sandy mud with Spar tina al ter ni flora Marsh

       Sharp con tact

40 - 85    Mod er ately sorted sand 2.0f or ganic Marsh
       con tent 30 - 50%; Spar tina 
       al ter ni flora  rhi zomes de crease down-
       ward to 0%; sand fines down ward 
       into mud

85 - 130    Silt and sand (3.0f); scat tered Marsh
       rhi zomes

130 - 200   Clean, well- sorted sand 3.0 to 2.5f Tidal- delta sands

200 - 267   Mi nor lay ers of silt, mica or gan ics Tidal- delta sands

       in clean sand 2.0 to 2.5f

       Sharp con tact

267 - 400   Sandy silt; dis creet sand lay ers, but Tidal pool muds and 
       may be some re work ing of sand into sands
       mud by or gan isms

400 - 468   Lami nated sand; shell frag ments Tidal- delta sands

468 - 476   Cross- bedded sands with mud drape; Tidal- delta sands
       slip face

476 - 498   Silty sands; some or gan ics Tidal pool



VI BRA CORE 3.  Beach face - Fletcher Neck.  Ex posed rel ict marsh - 230 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 70     Dark brown sandy mud; Spar tina Rel ict marsh C14 date 

       al ter ni flora rhi zomes 985 ± 80 yr B.P.

70 - 90    Tran si tion into cleaner sand 1.5f

90 - 230    Clean sand with some peb bles and Bar rier sands
       gran ules; varia tion in color and 

       sort ing; 1.5 to 2.0f

VI BRA CORE 3A.  Beach face - Fletcher Neck.  30 me ters south west of vi -
bra core 3 - 180 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 48     Sandy mud grad ing into sand Marsh

48 - 180    Well- sorted and rounded sand 1.5 to Bar rier sands

       2.0f; coarse lens - 0.5f

VI BRA CORE 4.  Edge of marsh be hind Fletcher Neck - 255 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 28     Dark brown mud with Spar tina Marsh
       al ter ni flora

28 - 110    Sand with orange- brown mot tling Washover sands
       (oxi da tion ?); sort ing and grain size
       de crease down ward; mod er ately well-

       sorted 1.5f at 40 cm; poor sort ing 

       2.5f at 110 cm; mud con tent in creases
        with depth

110 - 210   Muddy sand; oc ca sional mud lens; Tidal pool muds and 
       wood frag ments sands

210 - 220   Tran si tion - more sand, less mud; 
       orange- brown mot tling

220 - 233   Sand, poor sort ing .5 to 1.5f Washover sand

233 - 255   Muddy sand with or gan ics Tidal pool

VI BRA CORE 5.  Beach face - Hills Beach - 521 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 24     Mod er ately sorted sand 2.5f Bar rier sands

24 - 38    Coarse, poorly sorted sand 0 to 1.0f;
       ridge slip face (?); peb bles

38 - 57    Same sand ma trix with wood From pa per mills (?); 
       frag ments in lay ers Seen on pres ent beach 
       face

57 - 182    Sand 1.0 to 1.5f; some or ganic 
       mot tling

182 - 238   Mi nor clay lenses in sand Pos si ble Pre sump scot 
       For ma tion con tact

238 - 521   Com pacted gray clay with light to Pre sump scot For ma tion
       heavy mot tling through out

VI BRA CORE 6.  Back bar rier - Hills Beach - 387 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 80     Sandy mud; plant rhi zomes; shell Marsh
       and wood frag ments

80 - 100    Mud; or gan ics mi nor Tidal pool

100 - 360   Clean, well- sorted sand lay ers 2.5 to Washover sands mix ing 

       3.5f with gray clay lay ers with tidal pool

360 - 387   Com pacted gray clay; mi nor sand Pre sump scot For ma tion
       lenses

VI BRA CORE 7.  Marsh on tip of lobe on west ern side of Pool - 210 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 86     Dark brown sandy mud; Spar tina Marsh
       al ter ni flora; few small peb bles

86 - 136    Fine sand - dark brown, coated with Tidal pool muds and 
       or gan ics; wood frag ments sands

136 - 163   Sand to silt; abun dant mica Tidal pool

163 - 176   Well- sorted sand 3.0f

176 - 194   Coarse gran ules and peb bles Washed down from 
       ad ja cent  high lands

194 - 210   Com pacted coarse sand; very poorly High land sands
       sorted; nu mer ous large peb bles

VI BRA CORE 8.  Tidal flats in Pool - 464 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 415    Sandy mud to mud; whole shell and 8 Tidal pool muds and
       cm long peb ble to gether; abun dant sands
       mica; or gan ics scat tered through out;
       oc ca sional sand lenses

415 - 464   Very com pacted gray clay; or ange- Pre sump scot For ma tion
       brown mot tling (oxi dixed)

VI BRA CORE 9.  Tidal flats be hind Fletcher Neck - 509 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 509    Sandy mud to mud through out; Tidal pool muds with 
       abun dant mica; or gan ics and shell washover sands
       frag ments through out; sand lay ers at 

           80 - 110

           158 - 180     2.0f

           372 - 380    1.5 to 2.0f

           400 - 404    2.5f

           438 - 490    1.0 to 2.0f

           494 - 509    1.5f
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VI BRA CORE 10.  Fring ing marsh on west ern side of Pool - 374 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 30     Sandy mud; heavy rhi zomes Marsh
       Spar tina al ter ni flora

30 - 54    Sand 2.0f with scat tered large peb bles Washed down from 
       ad ja cent high lands

54 - 86    Sandy mud Tidal pool

86 - 100    Gray mud/clay

100 -174   Sand with shells; mud con tent
       in creases down ward; large wood 
       frag ments

174 - 194   Rock frag ments, peb bles, gran ules in Washed down from 
       mud; twigs high lands

194 - 266   Mud to clay Tidal pool

266 - 324   Sandy mud; scat tered peb bles Tidal pool

324 - 374   Clean sand; oxi dized, 1.5f; Washed down; peb bles 
       large an gu lar peb bles same as found in sam ple
       from ad ja cent high lands

VI BRA CORE 11.  Near wave- cut scarp, fring ing marsh - 135 cm.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 18     Sandy mud; Spar tina al ter ni flora;  Marsh with some 
       large an gu lar peb bles through out washed down sedi ments
       .5 to 2 cm

18 - 26    Muddy sand; de creas ing rhi zomes Marsh

26 - 41    Peb ble layer; muddy sand ma trix; Washed down
       very poorly sorted

57 - 88    Brown to orange- brown (oxi dized)
       sand; poorly sorted

81 - 135    Com pacted clay; oxi da tion Pre sump scot For ma tion

VI BRA CORE 12. Fring ing marsh, near vi bra core 11 - 186 cm 

Depth (cm)         De scrip tion In ter pre ta tion

0 - 55     Dark brown mud; Spar tina  Marsh
       al ter ni flora rhi zomes

55 - 96    Muddy sand; scat tered rhi zomes Marsh

96 - 122    Green- gray clay; sharp lens Tidal pool

122 - 175   Sand 2.5 to 3.0f Washed down

175 - 185   Com pacted sandy mud Tidal pool

VI BRA CORE 13.  Me an der ing tidal creek be hind Hills Beach - 140 cm.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 20     Sand -0.5f; large peb bles (8 cm); Tidal chan nel sands
       grades down into peb ble layer

20 - 32    Sand 1.5 to 2.0f with mud ma trix Tidal chan nel sands 
       with slack wa ter fines

32 - 37    Clean sand lens 2.0f Washover (?)

37 - 43    Sand with or ganic mot tling; Tidal chan nel sand with 
       wood frag ments or gan ics from beach or 
       chan nel

43 - 75    Clean sands with mud lenses
       Sharp con tact

75 - 90    Clean sands 1.0 to 1.5f

90 - 140    Com pacted clay; peb bles at bot tom Pre sump scot For ma tion

VI BRA CORE 14.  Beach face Hills Beach - 129 cm..

Depth (cm)         De scrip tion In ter pre ta tion

0 - 129    Sand - var ied sort ing and grain size Bar rier sands

       .5 to 2.5f; slip face 39 to 46 cm; 
       peb bles

VI BRA CORE 15.  Tidal flats on east/west tran sect be hind flood- tidal delta -
468 cm.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 9      Sand; shell frag ments Tidal delta sands

9 - 31     Mud with some shell frag ments and Tidal pool
       or gan ics

31 - 247    Mot tled (bio tur bated) sand with Tidal delta sands
       vary ing mud con tent (0 to 5%)

247 - 290   Dark gray muds and sandy mud Tidal pool

290 - 335   Orange- brown (oxi dized) sand; Tidal pool
       nu mer ous shell frag ments; mi nor 
       mud lenses

335  - 468   Dark brown sandy mud; some shell Tidal pool
       frag ments; sand lens

VI BRA CORE 16.  Fring ing marsh, north west edge of Pool - 180 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 70     Dark brown mud with Spar tina Marsh
       al ter ni flora

70 - 180    Com pacted clay; some oxi da tion; Pre sump scot For ma tion
       sand lenses; mi nor plant ma te rial
       near bot tom
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VI BRA CORE 17.  Tidal chan nel near Hills Beach - 685 cm.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 14     Sand 1.5f mod er ately well- sorted Chan nel sands

14 - 31    Gray sandy mud with bio tur bated Tidal pool
       brown sands

31 - 48    Very fine sand coated with or gan ics; Tidal pool/chan nel
       slip face

48 - 444    Al ter nat ing lay ers of mud/clay and Tidal pool with 

       sand 2.5 to 3.0f bio tur ba tion washovers

444 - 685   Com pacted greenish- gray clay with Pre sump scot For ma tion
       or ganic mot tling and poorly- sorted
       sand lenses; 2 sand lay ers bio tur bated

VI BRA CORE 18.  Beach face, Fletcher Neck - 134 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 134    Clean sand 1.0 to 1.5f peb bles Bar rier sands

VI BRA CORE 19.  Tidal creek be hind Fletcher Neck - 94 cm.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 17     Muddy sand with Spar tina Marsh
       al ter ni flora;  some peb bles

17 - 48    Sharp con tact with clean sand Washover

48 - 86    Sandy mud; shell and wood frag ments Tidal pool

86 - 94    Or ganic ma te rial (Spar tina Pos si ble old marsh (?)
       al ter ni flora?)

VI BRA CORE 20.  Flood- tidal delta near vi bra core 1 -647 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 76     Sandy mud; Spar tina al ter ni flora Marsh

76 - 284    Sand; no rhi zomes; wood frag ments Tidal delta
       through out; abun dant mica; some
       oxi da tion

284 - 448   Thin lenses of muddy sand and Tidal pool
       sandy mud

448 - 475   Sand 2.0f; scat tered shell frag ments; Tidal pool
       some wood frag ments

475 - 585   Al ter nat ing lenses of mud and sandy Tidal pool
       mud; some shell frag ments; scat tered
       rhi zomes; wood frag ment layer

585 - 647   Com pacted blue- gray clay Pre sump scot For ma tion

VI BRA CORE 21.  Fring ing marsh, Fletcher Neck near vi bra core 4 - 537 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 20     Mud with Spar tina al ter ni flora Marsh

20 - 124    Mod er ately sorted sand 1.5 to 2.0f Bar rier washover

124 - 240   Sandy mud; mi nor lenses of or gan ics Tidal pool
       with mica, and sand; mi nor shell 
       frag ments

240 - 537   Lay ers of mud and silt; or gan ics; Tidal pool with 
       shell frag ments; sev eral lay ers of sand storm washovers
       with heavy con cen tra tions of shells

VI BRA CORE 22.  Bas ket Is land tom bolo

Depth (cm)         De scrip tion In ter pre ta tion

0 - 217    No core re cov ered Barrier- type sands
       

VI BRA CORE 23.  Spit be tween Bas ket and Stage Is land - 243 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 217    Sand 1.5f with scat tered shell Barrier- type sands
       frag ments;  sev eral wood frag ment 
       lay ers; some large peb bles near bot tom

VI BRA CORE 24.  Shoal in front of flood- tidal delta - 158 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 158    Sand 1.0 to 1.5f; mod er ately to Tidal delta/chan nel
sands

        poorly- sorted; some shell frag ments; 
       lay ers  of wood frag ments; 
       no struc tures

“DUTCH” CORE D-1.  Above wave- cut scarp, fring ing marsh - 47 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 13     Divot re moved - grasses in sand High marsh/dune 
       vege ta tion

13 - 47    Poorly- sorted sand and peb bles Same ma te rial as on 
       ad ja cent hill side and on 
       marsh edge
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CORE D-2.  On north ern end of marsh lobe - 65 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 25     Divot re moved - mud with Spar tina Marsh
       al ter ni flora

25 - 42    Black mud with Spar tina al ter ni flora Marsh
       Sharp con tact

42 - 65    Poorly sorted peb bly sand Same as Core D-1

CORE D-3.  Small creek, west side be hind Hills Beach - 100 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 8      Soupy brown mud Marsh

8 - 78     Com pacted brown mud with Marsh
       Spar tina al ter ni flora

78 - 100    Com pacted blue clay Pre sump scot  For ma tion
       also visi ble along banks 
       of tidal creek at low 
       wa ter, ap prox. 1 m  
       be low marsh sur face

CORE D-4.  Just north of D-3 - 200 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 145    Mud with some sand; Spar tina Marsh
       al ter ni flora rhi zomes de creas ing 
       to 0% at 140 cm

145 - 153   Sharp con tact with silty sand Chan nel sands

153 - 184   Fairly clean sand 2.0f Chan nel sands

184 - 192   Clean sand 2.0f Chan nel sands

192 - 200   Mud and sand mixed Chan nel sands

CORE D-5.  East side of creek be hind Hills Beach, op po site D-4 - 200 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 173    Brown mud with Spar tina al ter ni flora Marsh

173 - 200   Sand 1.5 to 2.0f with fine (mud/clay) Chan nel sands
       ma trix

CORE D-6.  East side of creek be hind Hills Beach, just north of D-5 - 81 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 20     Divot re moved - mud with Spar tina Marsh
       al ter ni flora

20 - 71    Mud with Spar tina al ter ni flora Marsh

71 -76     Gra da tional in crease in sand; no 
       rhi zomes

76 - 81    Sand 2.0 to 2.50 with mi nor silt Tidal chan nel sands
       ma trix

CORE D-7.  Op po site D-6. - 83 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 19     Mud with Spar tina al ter ni flora Marsh

19 - 41    Mud with Spar tina al ter ni flora Marsh
       with in creas ing sand con tent 
       down ward

41 - 83    Sand 1.0 to 2.0f rhi zomes gone; Tidal chan nel sands
       some wood frag ments at base; 
       muddy ma trix

CORE D-8.  Back- barrier marsh, south ern end be hind Fletcher Neck - 36 cm

Depth (cm)         De scrip tion In ter pre ta tion

0 - 36     Sand 2.0f with mi nor amounts of silt Marsh on washover
       through out and Spar tina al ter ni flora 
       rhi zomes

CORE D-9, D-10, D-11, D-12.  Washover lobe be hind Fletcher Neck.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 60     Soupy muds with Spar tina Marsh
       al ter ni flora

60 - 70    Sand Washover sands

CORE D-13.  Marsh be hind Fletcher Neck, ap prox. 30 me ters from MLW.

Depth (cm)         De scrip tion In ter pre ta tion

0 - 30     Soupy marsh mud Marsh; same as D-9 
       through D-12

30 - 35    Clean sand Washover sands

CORE D-14.  Marsh be hind Fletcher Neck, ap prox. at MLW

Depth (cm)         De scrip tion In ter pre ta tion

0 - 80     Soupy mud Marsh; same as above

80 -      Clean sand Washover sands
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