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IN TRO DUC TION

The Stan dish 7.5- minute quad ran gle en com passes a re gion 
in south ern Maine that lies ap proxi mately 12.5 mi (20 km) west
of Port land and 1 mi (1.5 km) south of the south ern tip of Se bago
Lake, oc cu py ing por tions of both Cum ber land and York Coun -
ties (Fig ure 1).  The area is char ac ter ized by gen tly roll ing to pog -
ra phy and bed rock knobs which ex tend to over 530 ft (160 m)
above sea- level (asl) in the north- central por tion of the quad ran -
gle, where the maxi mum re lief is about 200 ft (60 m).  Higher
por tions of the quad ran gle are above the limit of late- glacial ma -
rine sub mer gence, so the area con tains well- preserved ex po -
sures of both ma rine and ter res trial late Wis consi nan sur fic ial
de pos its.  Evi dence of pre- Wisconsinan gla cia tions have not
been found.  Cul ti va tion and tree growth have gen er ally dis -
turbed only the up per most 1 m of the sur fic ial ma te ri als, so the
origi nal sedi men tary de pos its re main gen er ally in tact.  More
than 54 sand and gravel pits in sub ma rine fans and del taic de pos -
its are dis trib uted over the 10 x 14 km map area, with at least 20
pits ac tive in 1992. 

Bed rock in the Stan dish quad ran gle is domi nantly folded
and meta mor phosed Or do vi cian and Si lu rian plagioclase- biotite 
grano fels of the Vas sal boro For ma tion and northeast- trending
syn for mal belts (up to 2 km wide) of muscovite- biotite- garnet
schist be long ing to the Wind ham For ma tion (Hussey, 1985).
The Devonian- age Ly man plu ton in trudes the Vas sal boro For -
ma tion and out crops near the town of Hol lis.  Rindge mere For -
ma tion me tasedi men tary rocks north west of Ty lers Cor ner are
cov ered by gla cioma rine sedi ments and there fore have lim ited
out crop ex po sure.  Fo lia tion and schis tos ity within the Stan dish
quad ran gle par al lel the north east fab ric im parted by Aca dian de -
for ma tion.  Ridges con trolled by these rock struc tures trend par -
al lel to the gen eral ori en ta tion of the re treat ing mar gin of the last
ice sheet.  The ridges tem po rar ily an chored the ice mar gin, ena -
bling depo si tion of ice- contact and lee side gla cioma rine del tas
(Thomp son and oth ers, 1989).   

1

Fig ure 1.  Lo ca tion of the Stan dish 7.5- minute quad ran gle.  M.L. in di -
cates the in land ma rine limit (taken from Thomp son et al., 1989).  The
ma rine limit cuts through the north ern por tion of the Stan dish map.  The
York and Cum ber land County line is shown on the inset.



The re gional bed rock in cludes no unique li tholo gies which
could be used in di vidu ally as in di ca tor rocks to as sist in prove -
nance de ter mi na tion or ice flow di rec tion.  The sources of the
ma jor ity of clast li tholo gies are are ally too ex ten sive to al low ex -
act source lo cali ties to be pin pointed.  The en tire area north of the 
quad ran gle is oc cu pied by the Se bago plu ton gran ite (more than
80 km ra dius), while non- distinct Rindge mere For ma tion in ter -
bed ded mar ble and meta mor phosed ar gil lite and pe lite oc cur to
the north west.  It is no ta ble that cob ble counts and field es ti mates 
of li thol ogy in di cate that the wide spread and eas ily com mi nuted
metape lites and schists were im por tant sources for the large vol -
umes of sedi ment which com prise the mo raines and other gla cial 
de pos its, but not for gla cio flu vial sedi ments.  Clasts of the
Rindge mere For ma tion in tills ap pear to be found mainly near
their bed rock source (within 1-2 km), pre suma bly be cause they
are rela tively eas ier to com mi nute.  How ever, Se bago plu ton
gran ite was found in del taic and es ker cob ble grav els as far south
as Groveville (at least 11 km from the in ferred bed rock source).
These are mini mum travel dis tance es ti mates.  

The abun dance of pre vious sur fic ial ge ol ogy stud ies con -
ducted in the Stan dish re gion re flects the di ver sity and im por -
tance of the Qua ter nary ge ol ogy there.  Re con nais sance sur fic ial
geo logic maps (1:62,500) of the re gion were pub lished by Smith
and Thomp son (1977).  Aq ui fer stud ies in the re gion were con -
ducted by Tol man and oth ers (1983) and Tol man and Lanc tot
(1985).  Soil sur vey re ports for Cum ber land and York Coun ties
(Flewel ling and Li sante, 1982; Hed strom, 1974) were used in
the ini tial aer ial pho to graph in ter pre ta tion for the pres ent study.
Other data, in clud ing well logs from lo cal soil ex plo ra tion com -
pa nies (e.g. Ava lanche), have helped con strain depth to bed rock
and sur fic ial sedi ment thick ness (Caswell and Lanc tot, 1975;
Caswell and Lanc tot, 1978; King, 1984; Maine State High way
Com mis sion, 1950).

The pres ent study in volves de tailed (1:24,000) map ping of
sur fic ial de pos its and in ter pret ing the lo cal gla cial his tory of the
Stan dish 7.5–minute quad ran gle.  Two maps de pict ing the sur -
fic ial ge ol ogy (Gosse, 1999) and sur fic ial ma te ri als (Gosse,
1998) for the Stan dish area are as so ci ated with this re port.  All
data col lec tion sites (ST- 90-#) re ferred to in the fol low ing text
and Ap pen dix A are plot ted on the sur fic ial ma te ri als map.  Ap -
pen di ces sum ma rize im por tant sur fic ial and gla cial geo logic
data col lected from the Stan dish quad ran gle. 

GLACIAL  AND  POSTGLACIAL  DEPOSITS

Over view

Our un der stand ing of the de gla cial his tory of south ern
Maine has greatly im proved over the last three dec ades (Bloom,
1960; Stuiver and Borns, 1975; Thomp son, 1982; Borns, 1985;
Smith, 1985; Belk nap and oth ers, 1989) al though many im por -
tant de tails re main un re solved, par ticu larly the late- glacial chro -
nol ogy of ice re ces sion.  The late Wis consi nan Lau ren tide ice
sheet ad vanced south and south east ward over the pres ent Maine

coast and onto the con ti nen tal shelf where it reached its
maxi mum ex tent by about 18000 years ago (18 ka).  Crus tal sub -
si dence on the or der of 100 m re sulted from the weight of this late 
Wis consi nan ice.  The ma jor ity of sur fic ial de pos its ex posed at
the land sur face in the Stan dish quad ran gle were formed dur ing
the re ces sion of this ice sheet.  

For con ven ience of pres en ta tion, the late- glacial and post -
gla cial sur fic ial de pos its mapped in the Stan dish quad ran gle
have been clas si fied into three fa cies, in ac cor dance with Read -
ing (1986):  a gla cial fa cies, a glacial- retreat eustatic fa cies, and
a post gla cial iso static fa cies.  Ter res trial and ma rine depo si tion
of these fa cies is well re corded here.  In the Stan dish re gion the
gla cial fa cies is char ac ter ized by an ex ten sive but spo radic till
ve neer and as so ci ated gla cio flu vial de pos its.  Rapid stagnation-
 zone re treat (Ko teff, 1974; Ko teff and Pessl, 1981) of the Late
Wis con sin Lau ren tide ice sheet north west ward from the Gulf of
Maine oc curred be tween 15 ka and 13 ka  (Tu cholke and Hol lis -
ter, 1973; Smith, 1985; Thomp son and Borns, 1985).  The re treat 
slowed when the gla cier mar gin reached the Bar Mills area to the
south of Stan dish (Hunter, 1999a,b) by about 13.2 ka (Smith,
1985).   The re treat was ac com pa nied by a ma rine trans gres sion
over ice- free re gions where iso static up lift had not yet reached
equi lib rium with eustatic sea- level rise (Bloom, 1960; Stuiver
and Borns, 1975; Smith, 1985).  The ma rine limit in the Stan dish
re gion was ap proxi mately 300 ft (91 m) above the pres ent sea-
 level (Fig ure 1).  Con se quently, the en tire south ern half of the
Stan dish quad ran gle (plus low lands in the north ern half) ex pe ri -
enced sub mer gence by the sea in late gla cial time.  Dur ing this
trans gres sion, glacial- retreat eustatic fa cies ma rine and gla -
cioma rine sedi men ta tion oc curred. Rela tively coarse sedi ments
near the gla cier mar gin formed gla cioma rine del tas and fans
(ice- proximal de pos its) while fur ther away from the mar gin ma -
rine clays and fine silts set tled on the sea bot tom (dis tal de pos its).

By about 11 ka (Thomp son and Borns, 1985) ac cel er ated
iso static re bound of the de pressed crust be gan to force the sea to
re cede.  The fal ling rela tive sea- level dur ing ma rine re gres sion
caused many of the gla cioma rine de pos its (es pe cially those
which were pa leo bathymetric highs) to be eroded and re de pos -
ited as beaches and over wash or near shore de pos its.  The de pos -
its formed dur ing this pe ri od of time, when iso static re bound was 
rapid enough to cause ma rine re gres sion, are re ferred to as the
post gla cial iso static fa cies .  The re sult ing re gional sur fic ial ge -
ol ogy was mapped us ing the units sum ma rized in Ta ble 1 and is
de scribed in de tail be low.  The sur fic ial de pos its are cate go rized
ac cord ing to de po si tional en vi ron ment.

Ter res trial De pos its

Ter res trial gla cial de pos its are com posed of sedi ments
which were de pos ited on land.  The ma jor ity of ter res trial de pos -
its there fore lay above the ma rine limit.  If ter res trial sedi ments
lay be low the ma rine limit, they were de pos ited bef ore ma rine
trans gres sion.  In the Stan dish re gion, ex ten sive de pos its of till
(map unit Pt; Ta ble 1) are lo cated above and be low the ma rine
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limit (Figures 2a, b).  Ter res trial till is a gla cial fa cies which out -
crops in the north ern por tion of the map sheet, gen er ally above
the ma rine limit.  Most ter res trial till is a mas sive, poorly sorted,
ho mo ge ne ous, and mod er ately com pact silty dia mic ton.  The till
has a wide range of clast sizes (peb bles to boul ders) and clast li -
tholo gies which re flect the re gional and lo cal bed rock ge ol ogy.
Most ter res trial till oc curs as a thin ve neer on high lands above
300 ft (91 m) asl.  Ex am ples of ter res trial till oc cur on Oak Hill
(ST- 90- 059) and Breakheart Hill, where till thick ness rarely ex -
ceeds 2 m and is com monly as so ci ated with pro trud ing stri ated
bed rock.  In topo graphic lows, such as west of Oak Hill (ST- 90-
 117), the till is gen er ally thicker and of ten over lain by Holo cene
(post gla cial) flu vial or la cus trine sedi ments.  Based on their
com pac tion and as so cia tion with un der ly ing bed rock, most ter -
res trial tills here are in ter preted to be lodge ment tills, al though
rare lenses of sorted sedi ment may in di cate the pres ence of
melt- out till. A till fab ric at site ST- 92- 083, west of Bonny Ea gle,
in di cates that the unit is char ac ter ized by a strong clus ter ing of
peb ble long- axis ori en ta tions (S1=0.64 for 30 peb bles, Fig ure 3), 
which sup ports the in ter pre ta tion that the ter res trial till was de -
pos ited through a lodge ment pro cess ('de formed lodge ment till';

Dowde swell and Sharp, 1986).  It is con ceiv able that a dis con -
tinu ous but ex ten sive lodge ment till was de pos ited sub gla cially
over the en tire re gion dur ing gla cial ad vance, but be low the ma -
rine limit this unit has been con cealed by ma rine de pos its which
were sub se quently em placed dur ing gla cial re treat and ma rine
trans gres sion.  This stra tigraphic re la tion ship was found at site
ST- 92- 083 (Fig ure 2b) where the lodge ment till is over lain by
gla cioma rine silts (Pp, de scribed be low) and grav els (Pmd, de -
scribed be low).

Rare de pos its of ice- contact strati fied drift (map unit Pgi;
Ta ble 1) oc cur only along the flanks of hills (e.g. ST- 90- 218,
800 m west of Stan dish), proba bly due to the ponding of melt wa -
ter be tween the ice and hill.  The strati fied drift is com prised of
in ter bed ded, well- sorted, in ter nally mas sive and bed ded sands
and grav els that are highly de formed, with fold axes per pen dicu -
lar to the gen eral di rec tion of ice flow (Ta ble 3).

In the Stan dish re gion, es kers (map unit Pge; Ta ble 1) are
sinu ous, dis con tinu ous ridges up to 7 m high, com prised of mod -
er ately to very well sorted sands and grav els char ac ter ized by
well- rounded and spheri cal clasts up to about 1 m in di ame ter.
Be low the ma rine limit, the es kers have been re worked to vari -
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TA BLE  1:  UNITS  SHOWN  ON  THE  SUR FIC IAL  

GE OL OGY  MAP

Sym bol Unit De scrip tion

Ha Al lu vium Gen er ally well- sorted and strati fied silt, sand, and gravel de pos ited by mod ern riv ers and streams.

Qst Stream ter race For mer flood plain with flat de po si tional sur face on flu vial sedi ments.  The ter race sur face is higher than the mod ern 
flood plain of the as so ci ated river or stream.

Hws Swamp Poorly drained wet land area with vari able tree cover, com monly as so ci ated with Pp and stand ing wa ter; in cludes
marshes and heaths.

Pmrs Ma rine re gres sive sand 
deposits

Well- sorted mas sive to finely lami nated silt to coarse sand.  May be formed with Pp, as dis tal fa cies of Pmd or Pmf,
or dur ing re gres sion of the sea as a re sult of wave re work ing of Pmd or Pmf.  

Pp Pre sump scot For ma tion Greenish- gray to bluish- gray ma rine silt and clay, usu ally oc cur ring as ran dom laminite but of ten mas sive.  Oc curs
as varia bly thick ve neer be low the ma rine limit, over ly ing older units.

Pmd Ma rine delta Lat er ally ex ten sive and thick pack ages of sorted and com monly in ter bed ded sand and gravel, with well de vel oped
fore set beds.  Topset beds are pres ent or in ferred.  Grades sea ward to Pmrs or Pp, which com monly over lies dis tal fa -
cies.  If pres ent, sub script re fers to ma rine delta mor phose quence (Ta ble 2, Figs. 4 and 5).  Delta sur faces of ten show
evi dence of wave re work ing.  De pos ited by gla cial melt wa ter dis charge into late- glacial sea.  Com monly ket tled.

Pmf Ma rine fan Thick pack ages of sorted and com monly in ter bed ded sand and grav els.  Fore set beds com monly well- developed.
No topset beds.  Grades sea ward  to Pmrs or Pp.  Closely as so ci ated with Pemc.  Formed by melt wa ter dis charge into
late- glacial sea. 

Pge Es ker Sinu ous, gen er ally dis con tinu ous, ridges of mas sive and strati fied, com monly in ter bed ded, gla cio flu vial sand and
gravel de pos ited in sub gla cial and en gla cial con duits dur ing gla cial re treat.  Cob ble to boulder- size clasts are com -
monly highly rounded and spheri cal.  As so ci ated with Pmd.

Pgi Ice- contact strati fied drift Highly de formed, in ter bed ded, well- sorted, in ter nally mas sive and bed ded, very fine to coarse sands and grav els.
Com monly shows evi dence of de for ma tion, in clud ing re verse and thrust faults and fold ing re sult ing from ice con -
tact, or evi dence of col lapse in the form of nor mal faults.

Pemc End mo raine com plex Clus ter of closely- (and of ten evenly-) spaced ridges com prised of till or poorly sorted strati fied sedi ment, de pos ited 
at the ice mar gin. Usu ally with variably- thick ve neers of Pp or Pmrs.  Can also con tain subaque ous fans. 

Pt Till Ho mo ge ne ous, lo cally com pact, poorly sorted mix ture of a wide range of par ti cle sizes rang ing from silt to boul -
ders.  Unit is wide spread but of very vari able thick ness (typi cally 0 to 5 m).  As so ci ated with bed rock highs.  Both
lodge ment and melt- out tills iden ti fied.  The lodge ment till is the old est sur fic ial unit and can there fore be over lain
by all oth ers.



able de grees and are of ten char ac ter ized by shal lower slopes and
flat ter, broader tops (Bonny Ea gle Pond es ker, ST- 90- 062).  Due
to poor ex po sure, an in ter pre ta tion of sub aeri ally–de pos ited
chan nel fill ing can not be ruled out for the gla cio flu vial gravel
ridge situ ated north of Watchic Pond (C. Ko teff, 1992, pers.
com mun.).  Al though es ker de pos its are here con sid ered ter res -
trial fa cies, Boul ton (1990) points out that es kers can also form
be neath marine- based ice.  

A dis con tinu ous sheet of loess (silt layer gen er ally less than 
50 cm thick) blan kets much of the quad ran gle.  No eo lian sand
dunes were ob served from air pho tos or iden ti fied while map -
ping, but dense for est cano pies may eas ily con ceal any small
dune patches that are pres ent.

Ma rine and Gla cioma rine De pos its

Be low the ma rine limit, the till (map unit Pt) com monly oc -
curs as end mo raine de pos its which are in ter fin gered with or
cov ered by vari ous ma rine and gla cioma rine sedi ments.  This
sub ma rine till is a gla cial re treat eustatic fa cies which re sem bles

the gla cial fa cies ter res trial till (de scribed above), but of ten has a
higher clast con tent and a more clay- rich ma trix.  The end mo -
raine tills are also char ac ter ized by a lower de gree of com pac tion 
and a weaker peb ble fab ric (S1=0.47 for 30 peb bles, Fig ure 3)
rela tive to the lodge ment tills.  Such a low fab ric strength is typi -
cal of de bris flows (Dowde swell and Sharp, 1986) and there fore
sup ports a subaq uatic debris- flow ori gin for the end mo raines as
sug gested by Smith (1982). 

Strik ing ex po sures of end mo raines oc cur ex ten sively over
the south ern half of the Stan dish quad ran gle.  Most of the end
mo raines are cur vi lin ear till ridges that are lat er ally con tinu ous
for over 500 m (about 0.3 mi).  Where the end mo raines oc cur as
sets of closely- and gen er ally regularly- spaced ridges with only a 
thin clay cover, they have been mapped as end mo raine com -
plexes (map unit Pemc, fol low ing Hunter, 1999a,b; Ta ble 1).
The typi cal height of the mo raine ridges in these com plexes av -
er ages about 6 ft (~2 m), but may reach as high as 12 ft (3.5 m).
This re lief is partly a func tion of the thick ness of the ma rine clay
ve neer and ex tent of ridge trun ca tion dur ing ma rine re gres sion.
The av er age ridge- to- ridge spac ing of the end mo raines is about
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230 ft (70 m).  If these end mo raines were de pos ited an nu ally
they can be con sid ered de Geer mo raines (Smith, 1982). Where
post gla cial trel lis and den dritic drain age has in cised the ma rine
and gla cioma rine sedi ments of the emerged sea floor, the re sult -
ing trough- ridge mor phol ogy of ten closely mim ics the mor phol -
ogy of end mo raine com plexes.  Only ar eas with un am bi gu ous
mo raines with thin clay cover have been mapped as Pemc.  Else -
where, in ar eas with thick ma rine sedi ment cover or where the
pa leo sea- floor re lief is of un cer tain ori gin, the sur fic ial ma te ri -
als are mapped as Pre sump scot For ma tion or re gres sive sandy
ma rine de pos its (Pp or Pmrs; de scribed be low).

Closely as so ci ated with, and gen er ally oc cur ring sea ward
of the end mo raines, are sub ma rine fan de pos its (map unit Pmf;
Ta ble 1).  The fans are a gla cial re treat eustatic fa cies con sist ing
of in ter fin ger ing units of fine sand to boul der gravel of vari able
thick ness (Fig ure 4).  Grain size de creases and sort ing in creases
sea ward and away from as so ci ated end mo raines and ul ti mately
the fan de pos its grade into the Pre sump scot For ma tion (Pp, de -
scribed be low).  South west of Groveville (ST- 90- 006) proxi mal
boul der and cob ble gravel of a ma rine fan grades sea ward into
fine sand and the Pre sump scot silty unit over a dis tance of only
70 ft (21 m) (Figures 2a, 4).  Fans are char ac ter ized by fore set
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Fig ure 2.  Sche matic rep re sen ta tions of meas ured stra tigraphic pit sec tions that rep re sent the main gla cial and gla cioma rine fa cies in
the Stan dish re gion.  The base of each sec tion was not ex posed.  In dex to ab bre via tions is pro vided in Ap pen dix A.  ST- 90- 006, south -
west of Groveville; ST- 90- 083, west of Bonny Ea gle; St- 90- 033 and 036,  1 mi north east of Groveville.   A. Typi cal ma rine fan sedi -
ments.  These sec tions are 70 ft apart.  Sec tion ST- 90- 006-2 ex posed the very coarse proxi mal fan fa cies with an un der ly ing grav elly
dia mic ton, in ter preted to rep re sent the sea ward flank of an end mo raine.  These very poorly sorted up per grav els of ST- 90- 006-2 rap -
idly grade sea ward to the fine sand and silts shown in the up per 4 ft of ST- 90- 006-1.  B. At ST- 90- 083, gla cioma rine sedi ment over a
com pact dia mic ton in ter preted to be lodge ment till.  The lodge ment till dif fers sig nifi cantly from the end mo raine till at ST- 90- 006-2
as dis cussed in the text.   C.  Typi cal proxi mal (ST- 90- 036) and mid- distal (ST- 90- 033) gla cioma rine delta stra tigra phy. Both sec tions 
are from Pmd1, but not along a sin gle pa leo flow di rec tion.  The grav els in the up per most 5 ft are in ter preted to be re ces sional fa cies
sedi ments but, may be delta topset beds.   Delta fore set beds are well pre served at ST- 90- 033.   (The * in di cates the ap proxi mate depth
of the till fab ric shown in Fig ure 3).
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Fig ure 3.  Com bined rose and con toured dia grams of peb ble fab ric data from two till lo cali ties.  A till fab ric is a means of de scrib ing
(1) the strength of the align ment of the long est axis of peb bles and (2) the di rec tion of the strong est peb ble align ment.  For this study,
the ori en ta tions of 30 peb bles with long axis be tween 5-30 cm were meas ured with a com pass.  The se lec tion of the fab ric site and the
peb bles was ac cord ing to the method of Law son (1979) and Drake (1974).  We used the ei gen value method to evalu ate the strength of
the three- dimensional align ment of these peb bles (i.e. the ten dency of all the peb ble long axes to clus ter about a sin gle di rec tion in
space).  Ei gen value S1 meas ures the strength of clus ter ing in the di rec tion of maxi mum clus ter ing of peb ble long axes (S1 of 1.0 would
in di cate that all clasts are ex actly aligned).  The con tours plot ted on the Schmidt equal- area pro jec tions, with con tour in ter val of two
stan dard de via tions (Kamb plot), show graphi cally the strength and ori en ta tion of the peb ble fab ric.  So, two pieces of in for ma tion can 
be ob tained from the peb ble (till) fab ric.  We can say some thing about the ori gin of the de posit by com par ing the cal cu lated S1 val ues
for the de posit with S1 val ues for de pos its of known gene sis (lodge ment till should have strong fab ric, a de bris flow should have a
weak fab ric, Dowde swell and Sharp, 1986).  If the de posit is a till, and if the fab ric is strong, the di rec tion of ice flow may be im plied
from the ori en ta tion of the ston gest clus ter ing (maxi mum ei gen vec tor).  The rose dia gram (shaded slices of pie in each pro jec tion)
reveals the direction (not strength) of the pebble orientations.   

Fig ure 4.  Ex am ples of ac tive sand and gravel pits in the Stan dish re gion.  (a) Site ST- 90- 006, south west of Groveville.  Grad ing and
pa leo flow to ward the left.  Elec tri cal tower (scale) stands on proxi mal part of the subaque ous fan, near the end mo raine.  Dark unit in -
di cated with an ar row con sists of dis tal silt and fine sand, mapped as Pre sump scot For ma tion, which in ter fin gers with the subaque ous
fan sedi ments.  (b) Delta fore set beds ex posed in ac tive sand and gravel pit at site ST- 90- 008, north of Groveville.  Sec tion ap proxi -
mately 40 feet high.  Over ly ing topset grav els have been re moved at this site, but were pres ent in situ else where in the pit.



beds with out the over ly ing topset beds that oc cur in del tas (Fig -
ure 5).  By defi ni tion then, no por tion of the fan was sub aer ial
dur ing depo si tion.  The fans can be cone- shaped where they ra di -
ate from a point source on an end mo raine, but more com monly
form wedges that ex tend along mo raine ridges for sev eral hun -
dred me ters (ST- 90- 006).  The fans are in ter preted to have been
de pos ited con tem po ra ne ously with the end mo raines from
which they pro grade and there fore mark ice mar ginal po si tions.
Un less map pa ble as an in di vid ual de posit, the fans have been
mapped as part of the en com pass ing end mo raine com plex unit
(Pemc) or as sandy ma rine deposits (Pmrs). 

About one third of the map sheet is oc cu pied by gla cioma -
rine del taic sedi ments (map unit Pmd; Ta ble 1).  All of the del tas
within the quad ran gle are Gilbert- type del tas with thick fore set
units (Figures 4b, 5) that are com posed of varia bly in ter bed ded
and usu ally well- sorted fine sand to cob ble gravel with dips lo -
cally as steep as 33o or more.  Like the fans, del taic sedi ments
grade into ma rine clay (Fig ure 5).  Also, some of the fine sand
mapped as Pmrs along delta fringes may ac tu ally be del taic bot -
tom set beds or dis tal fore set beds (Fig ure 5).

Del tas have topset beds which over lie the fore set beds.  The 
topset units are gen er ally poorly sorted sand to gravel beds, usu -
ally with flu vial cross- bedding which in di cates a sea ward pa leo -
flow di rec tion.  While the delta is form ing, the topset beds are
de pos ited at least par tially above wa ter level (Fig ure 5), so the
con tact be tween topset and fore set beds is com monly used to es -
ti mate what the sea- level ele va tion was dur ing the for ma tion of
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Fig ure 5. Ver ti cally ex ag ger ated dia gram show ing the com po nents of an ice- contact delta en vi ron ment.  Small ar row un der the ice in -
di cat ing the flow di rec tion of the sediment- laden melt wa ter could also rep re sent an es ker chan nel which feeds the delta.  Nor mal
faults and large- scale fold ing are evi dence of de for ma tion at the ice- contact por tion (back slope) of the delta.  Topset beds shown are
pre domi nantly com prised of cob ble grav els; Fore set beds: sand; and Bottomset beds: silt.  

TA BLE  3.  ICE  FLOW  DI REC TION DATA FOR  THE
STAN DISH  QUAD RAN GLE. 

ST–90–ID re fers to sam ple sites on Ma te ri als map.  In di ca tors of ice flow di rec -
tion in clude striae, S; grooves, G; stoss- and- lee forms on bed rock, SL; till fab ric,
TF (see Fig. 3); and fold axes of folded strati fied drift, FA (the fold axes trend per -
pen dicu lar to the im plied glacier- induced prin ci pal stress di rec tion).   Azi muth of 
ice flow given in de grees.  Un cer tain or poor data have been ex cluded.  †in di cates 
older of two ice flow di rec tions re corded at a sin gle site. 

ST- 90- ID In di ca tor Azi muth

051 S 168
S 100
S 115

056S S 152- 160
G 180†

083 TF 167
086 S 180
096 S 189
100 S 168- 178

G 192
120 G 156
131 G 152

S 140
132 S 180
133 G,S 149- 154

S 180†

177 S 169
211 S,SL 157
218 FA 210



the delta (e.g. Thomp son and oth ers, 1989).  The in ter pre ta tion
of thick (up to 3 m) pack ages of grav els which in places un con -
forma bly over lie fore set beds (Fig ure 2c) through out the Stan -
dish quad ran gle re quires more de tailed in ves ti ga tion.  It ap pears
that true topset beds are pre served on only two del tas (Pmd1 and
Pmd6; Ta ble 2) al though this in ter pre ta tion is ten ta tive.  The
topset grav els that were origi nally de pos ited on other del tas were 
eroded and re de pos ited as post gla cial iso static fa cies over wash
and beaches.  Re ces sional over wash sedi ments iden ti fied at
Pmd3 (ST- 90- 097) are sub ho ri zon tally bed ded, mod er ately
sorted grav els.  In other ar eas the gravel de pos its which over lay
the fore set beds have char ac ter is tics of flu vial topset beds (e.g.
trough cross- bedding, ST- 90- 045, 270 ft (82 m) asl and ST- 90-
 220, 305 ft (93 m) asl), yet the pa leo flows in di cated by the gravel 
cross- beds are of ten land ward, coun ter to the sea ward flow an -
tici pated for flu vial topset depo si tion.  The re ces sional fa cies has 
been mapped as a part of the un der ly ing ma rine delta un til fur -
ther de tailed study re solves this am bi gu ity.  Pow ell (1990) ar -
gues that many ice- contact ma rine del tas have de vel oped from
grounding- line fans when the fans ag grade to the con tem po ra ne -
ous sea- level.  The dis tinc tion be tween ag grad ing fans and in -
cipi ent del tas is a dif fi cult one and dis cerni ble only if well
de vel oped topset beds or prodelta rhyth mites are pres ent (which
have rarely been iden ti fied with cer tainty in the Stan dish re gion). 
The ab sence of ma rine clay over the del tas in the Stan dish re gion
is not sur pris ing, con sid er ing they were de pos ited near maxi -
mum trans gres sive sea- level.  

Depo si tional en vi ron ments of all four delta cate go ries de -
scribed by Thomp son and oth ers (1989) are rep re sented in the
Stan dish quad ran gle (Ta ble 2) due to the op ti mum po si tion along 
the ma rine limit.  The Groveville (Pmd1), Finn Parker Road
(Pmd2), Plains Road (Pmd4), and Chi copee (Pmd5) del tas all
have char ac ter is tics of ice- contact del tas (Ta ble 2).  All have
steep ice- contact slopes, none are defi nitely esker- fed, and all
have char ac ter is tics in their proxi mal parts which in di cate that
the del tas were de pos ited from an ice mar gin: coarse boul dery
and cob bly gravel (all), stri ated or an gu lar clasts (Pmd4 and
Pmd5), struc tures in di cat ing foun der ing due to melt ing of ice
sup ports (all ex cept Pmd2), and ket tles.  Ac cord ing to Thomp son
and oth ers (1989), lee side del tas oc cur on the sea ward sides of
hills that pro truded above the con tem po ra ne ous on lap ping sea.
The del tas were fed through gaps in the hills by debris- laden
melt wa ter streams dis charg ing from ice that was pinned on the
land ward sides of the hills. Two del tas in the Stan dish re gion
(Rocky Dun dee Road (Pmd3) and Dingley Spring Road (Pmd6))
have this as so cia tion with the re gional to pog ra phy; how ever no
defi nite melt wa ter chan nels were iden ti fied.  The pres ence of
ket tles in the cen tral parts of these del tas may have re sulted from
ice blocks stranded in the lee of the ridges (Thomp son and oth -
ers, 1989), re in forc ing the role of to pog ra phy in the de po si tional
en vi ron ment.  The pres ence of well- rounded and well- sorted
cob ble grav els in esker- shaped de pos its (ST- 90- 98) sug gests
that Pmd3 may also have been an es ker fed delta.  Un for tu nately
much of this ex po sure has been re moved so de fini tive in ter pre ta -

tions are dif fi cult.  The de po si tional en vi ron ments of the Bonny
Ea gle (Pmd7) and Saco (Pmd8) del tas re main prob lem atic.
Thomp son and oth ers (1989) in ter preted Pmd8 as a dis tal out -
wash delta on the ba sis of the dis tance from the con tem po ra ne -
ous ice mar gin, how ever they ad mit that the pres ence of ket tles
(es pe cially evi dent in the ad ja cent Lim ing ton quad ran gle) may
in di cate an ice- contact ori gin.  Like wise, Pmd7 ap pears to range
from esker- fed to out wash (the lat ter trans ported through a con -
fined melt wa ter chan nel be tween Elm wood and Dow Cor ner).
The pres ence of ma jor ice- foundering struc tures in the dis tal fa -
cies of this delta (ST- 90- 129) forces at ten tion to pos si ble ice-
 contact con di tions.  These two del tas have not been con sid ered
use ful mor phose quence de pos its be cause of the un cer tainty of
their ori gin rela tive to the ice mar gin.

Fig ure 6 shows the lon gi tu di nal pro file of gla cioma rine
del tas Pmd1 through Pmd6.  These del tas are com po nents of gla -
cioma rine mor phose quences (Ko teff, 1974, and Ko teff and
Pessl, 1981) which are use ful for de line at ing the con tem po ra ne -
ous ice- margin po si tions.  Gla cioma rine mor phose quences as -
sist in in ter pret ing the na ture of de gla cia tion in the Stan dish
re gion.  The ori en ta tion of the lon gi tu di nal pro files is ap proxi -
mately par al lel to the pa leo flow di rec tion in di cated by fore set
bed ding (see the in dex map of Fig ure 6).  The pro files are drawn
in or der of depo si tion from right to left. As the ice mar gin re -
treated north- northwestward, Pmd1 was de pos ited first, fol -
lowed by Pmd2, Pmd5, and Pmd6 (ref er to the in dex map).  On the
sur fic ial ge ol ogy map, trac ing the ice mar gin po si tion from delta
ice- contact slopes along ad ja cent end mo raine ridges in di cates
that the depo si tion of Pmd3 would have been ap proxi mately coe -
val with Pmd2.  Ac cord ingly, the proxi mal (near- ice) end of the
Pmd3 pro file in Fig ure 6 is drawn di rectly be low the proxi mal
end of the Pmd2 pro file.  A simi lar ex trapo la tion of end mo raines
and delta ice–con tact slopes for Pmd4 and Pmd5 sug gests that
Pmd4 was com pletely de pos ited bef ore or dur ing the depo si tion
of Pmd5.

Dis tinct benches and ter races are evi dent at ele va tions be -
tween 280 ft (85 m) and 250 ft (76 m) asl on most delta pro files in 
the Stan dish quad ran gle.  This sug gests that lo cal rela tive sea-
 level was sta bi lized for a pe ri od of time dur ing ma rine offlap.
This 30 ft (or greater) zone with evi dence of wave ero sion may
mark one or sev eral sig nifi cant still stands in the rela tive sea-
 level drop.  More com plete ero sion and re de po si tion of delta
topset sedi ments would have re sulted dur ing pe ri ods of sig nifi -
cant sea- level still stands, rela tive to topset beds situ ated at
higher or lower ele va tions.  The only two beach rem nants iden ti -
fied with con fi dence in the Stan dish re gion—north east of Kim -
bles Cor  ner  (ST-  90-  167)  and eas t  of  Grovevi lle
(ST- 90- 030)—lie at the top of the zone at an ele va tion of 285 ft
(85 m) asl.  A bur ied near shore de posit (ele va tion ~260 ft (79 m)
asl) was found north of Groveville (ST- 90- 052; sand pit sec tion
re vealed a cross- sectional view of a thick and lat er ally ex ten sive
len soid de posit of sand and gravel with al ter nat ing cross-
 bedding dip at ti tudes—in ter preted to be a spit, un der lain by silty
and clayey Pp and over lain by sandy beds).
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The Pre sump scot For ma tion  (map unit Pp; Ta ble 1) is the
gla cioma rine silt and clay found ex ten sively be low the ma rine
limit (Bloom, 1960).  The Pre sump scot For ma tion con sists of
rock flour that floc cu lated and set tled to the sea floor dur ing ma -
rine sub mer gence.  Thick ness of the clay- silt gla cial re treat
eustatic fa cies var ies con sid era bly, be ing thick est (at least 15 ft
near Ty lers Cor ner) in pa leo sea- floor de pres sions.  In the Stan -
dish quad ran gle, the no tice able lack of laminite (lami nated ma -
rine sedi ment) com prised only of clay is at trib uted to the shal low
ma rine en vi ron ment where coarser com po nents (sand and silt)
ac com pany the clay.  Vo lu mi nous, un in ter rupted ac cu mu la tion
of clay would only have been pos si ble in pa leo bathymetric lows

when maxi mum sea level was reached and where the wa ter depth 
was suf fi ciently be low the ef fec tive wave base.  To the author's
knowl edge, no shells have been found in the Pre sump scot For -
ma tion any where within the Stan dish quad ran gle.  Due to their
im per me abil ity, Pp de pos its can form sig nifi cant aqui tards and
are re spon si ble for the ma jor ity of the wet lands in the quad ran -
gle.

The coarser fa cies of the ma rine sediments (Pmrs) is char -
ac ter ized by well- sorted silt and fine to medium- grained sand.
Most of the Pmrs unit was de pos ited dur ing ma rine re gres sion
and is an im por tant post gla cial iso static fa cies. Sedi ment eroded
from del tas and other sub ma rine highs was re de pos ited as over -
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Fig ure 6.  Lon gi tu di nal pro files for six del tas in the Stan dish quad ran gle.  The in set map shows the out lines of ma jor gla cio flu vial and
gla cioma rine de pos its.  Ele va tions were taken from the 7.5- minute (1:24,000) to pog raphi cal map.  The ori en ta tion of the pro file lines
(in di cated by the ar rows in the in set map) is ap proxi mately par al lel to the mean pa leo flow di rec tions in di cated by delta fore set beds
(Ta ble 4), and ap proxi mately per pen dicu lar to topo graphic con tour lines.  The maxi mum ele va tion along 600 ft seg ments which cut
per pen dicu lar to the pro file line was used to plot the pro file in or der to av er age out the mi nor varia tions in re lief due to ice dis in te gra -
tion fea tures.  The num bers 1 - 6 cor re spond to the ma rine del tas de scribed in the text and Ta ble 2, as shown in the in set.  The dot ted
lines are con tours at 250 ft and 280 ft asl which are drawn to em pha size the ele va tions of in creased delta ero sion and re de po si tion dur -
ing pro longed sea- level stand stills.  Ice mar gin re treat (and or der of depo si tion) was from right to left, as dis cussed in the text.  The two 
pro filed se quences (1- 2- 5-6 and 3-4) are ar ranged hori zon tally to in di cate rela tive age of depo si tion (old est to the right).  Depo si tion
of del tas 3 and 2, and del tas 4 and 5 is con sid ered ap proxi mately con tem po ra ne ous.  Po si tions of the beaches are based only on their
ap proxi mate ele va tions taken from the topo graphic map.  The delta al ti tudes (at the ice- contact end) in crease with their de po si tional
or der (Pmd1 is the low est).  This is ex pected for a se ries of ma rine delta mor phose quences that have been tilted by isostatic uplift. 



wash de pos its or more com monly as wedges of fine sand which
ex tend sea ward from the del tas, fans, or mo raines from which
they were de rived.  Some ma te ri als mapped as Pmrs, es pe cially
in the Saco Val ley, may have been de pos ited flu vi ally by early
post gla cial stream ac tion.  The thick ness of the Pmrs sedi ments
is vari able but gen er ally less than 14 ft (4 m).  Unit Pp and unit
Pmrs are closely as so ci ated with fans and del tas (Fig ure 5) so de -
linea tion of cer tain unit bounda ries was of ten ar bi trary but usu -
ally ac cu rate to 330 ft (100 m).   

Dur ing offlap of the sea, sedi ments on pa leo bathymetric
highs (bed rock hills or del tas for ex am ple) were eroded and re -
de pos ited as shore line de pos its or Pmrs.  Shore line de pos its
found in the Stan dish quad ran gle in clude beach berms (here,
char ac ter ized by open work and highly im bri cated peb ble grav -
els and in ter bed ded sand to gran ule beds which dip both land -
ward and sea ward; ST- 90- 030; ST- 90- 167) and a spit de posit
(ST- 90- 052).  It should be pointed out that im bri cated grav els
can also be de pos ited at the proxi mal end of grounding- line fans
(Pow ell, 1990), how ever those de pos its would not be ex pected
to be as open worked as the sedi ments in ter preted here as beach
grav els.

HOLOCENE  GEOLOGY

Dur ing the Holo cene, the Stan dish re gion wit nessed
swamp for ma tion and sparse al lu vium depo si tion over the en tire
area.  Swamps (map unit Hws; Ta ble 1) formed in de pres sions
that are com monly un der lain by Pre sump scot For ma tion clays
and silts or other im per me able sedi ments such as clay- rich till.

The most ex ten sive Holo cene al lu vial de pos its (map unit Ha; Ta -
ble 1) oc cur as flood plain sedi ments and gravel bars along the
Saco River.  No evi dence of ma jor rapid mass wast ing was
found, de spite the nu mer ous lo cali ties of high an gle and un sta ble 
slopes in the re gion (es pe cially along the Saco River).  The stra -
te gic po si tion of im per me able clay beds (com monly ex posed in
the river cut sec tions (ST- 90- 010)) that could in crease lu bri ca -
tion and in sta bil ity of over ly ing sedi ment pack ages makes
mass- wasting events highly prob able in these ar eas.  Al though
no col lu vium has been mapped, slope pro cesses proba bly have
low ered hill side gra di ents and par tially filled val leys (for ex am -
ple, the val ley be tween Dow Cor ner and Elm wood.)    

MARINE  LIMIT  DELINEATION

The ma rine limit ele va tion in the Stan dish area was es ti -
mated us ing a number of field and geo logi cal prin ci ples.  Qua ter -
nary ma rine fea tures were iden ti fied to ele va tions of at least 310
ft (94 m) asl in the north ern por tion of the quad ran gle.  This is the
high est ele va tion of ma rine sedi ments (they may be delta topset
beds) and so are taken as an up per limit of the maxi mum late-
 glacial sea- level ele va tion in this quad ran gle.  The high est ele va -
tion of the Pre sump scot For ma tion clays and silts, 300 ft (91.4
m) asl in the north east ern por tion of the quad ran gle, pro vides an -
other ap proxi mate es ti mate of the maxi mum late- glacial rela tive
sea- level ele va tion.  Gla cioma rine clay and silt depo si tion oc -
curred be low the con tem po rary ma rine wave base, so this es ti -
mate is lower than the ac tual ma rine limit ele va tion.  The
pres ence of till- stone fences is con sid ered an other use ful (al beit
much less ac cu rate) method of ap proxi mat ing the ma rine limit.
In Maine, the con struc tion of rock walls from till stones com -
monly ac com pa nied land clear ing for cul ti va tion (al though re -
cently they have been used as a gar den or na ment).  Few
till- stones would be ex posed in fields with a ma rine sedi ment ve -
neer, so till- stone fences should not be found sig nifi cantly be low
the ma rine limit.  In the Stan dish re gion the low est mapped ele -
va tion of till- stone fences is ap proxi mately 290 ft (88 m) asl,
which is  lower than (but close to) the two pre vious es ti mates of
the ma rine limit ele va tion.  Delta foreset- topset con tacts rec ord
the sea- level ele va tion at the time of their for ma tion. Thomp son
et al. (1989) have used this tech nique in a study of gla cioma rine
del tas in Maine.  Their data also in di cates that the ma rine limit
was about 300 ft (91 m) asl (Ta ble 2; see their Fig ure 2).  Beach
ele va tions and wave- cut ter races do not in di cate maxi mum sea-
 level ele va tion (the ma rine limit), but rather are in di ca tors of re -
ces sional phase sea- level strand lines. 

GLACIAL  AND  POSTGLACIAL  HISTORY

Ice Flow Di rec tion

Ice flow di rec tion (Ta ble 3) was de ter mined lo cally from
gla cial ero sional fea tures (nail head stria tions and cres cen tic and
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TA BLE  4.  MELT WA TER  PA LEO FLOW  DI REC TIONS  FOR  GLA -
CIOMA RINE  DE POS ITS  IN  THE  STAN DISH  QUAD RAN GLE.

ST- 90- ID re fers to sam ple sites on Ma te ri als map.  Sur fic ial de pos its in clude gla -
cioma rine del tas (Pmd) and fans (Pmf).  The mean di rec tion of pa leo flow (in de -
grees) is in ferred from the dip di rec tion (trend) of fore sets (f) and cross- beds in
topsets (t).  Am bigu ous meas ure ments are in di cated where bed ding may be dis -
turbed or col lapsed (d) or gene sis of bed ding is un cer tain (?).   

ST- 90- ID De posit Trend Dir. Mean

002 ?Pmd 205 205
006 fPmf 160 160
007 fPmf 220 220
008/039/040 fPmd 228,222,249 233
025/026 fPmf 172 172
033/034/035 fPmd 110 110
036 dPmd 026 026
045/046 fPmd 270,336 303
052 fPmd 106 106

?Pmd 070 070
061 fPmd 300 300
085 fPmd 250 250
088/220 fPmd 150,160 155

fPmd 270 270
097 dPmd/f 200,210 205
129 fPmf/d 138 138
146 ?tPmd 230 230
219 fPmd 295,310 303



lu nate gouges - 11 sites), till fab ric analy sis (near Bonny Ea gle,
ST- 90- 083; Fig ure 3), ori en ta tion of stream lined land forms and
end mo raine ridges, and fold axes in gla cio tec ton ized ice- contact 
strati fied drift (just west of Stan dish, ST- 90- 218).  Two dis tinct
ice flow di rec tions domi nate the area.  Al though it is al most cer -
tain that pre- Wisconsin Lau ren tide ice cov ered the Stan dish re -
gion, both flows are in ter preted to be of late Wis consi nan age
(most re cent gla cia tion) due to the lack of evi dence to the con -
trary.  At two sites, cross- cutting stria tions and grooves clearly
con strain the rela tive ages of the last two flow di rec tions in the
Stan dish re gion.  In di ca tors of an ini tial south ward (180°–192°)
gla cial ad vance are cross- cut by evi dence of south to south east
(140°–178°) flow which was in flu enced by the lo cal to pog ra phy
dur ing gla cial re treat.  No ta bly, this ice flow re la tion ship does
not agree with the re gional ice flow pat tern, which is char ac ter -
ized by a south east ward ini tial flow.  In the Stan dish quad ran gle,
it ap pears that the ear li est flow di rec tion was the south ward ad -
vance of the late Wis con sin ice.  This ini tial flow di rec tion is re -
corded solely by ero sional marks.  How ever, it is pos si ble that
the later south east flow may have also oc curred dur ing peak late
Wis con sin gla cia tion, since this is the domi nant re gional di rec -
tion (Thomp son and Borns, 1985).  The later flow di rec tion may
also be the deglacial- phase flow which trends from south ward in
the west ern por tion of the map sheet to south east ward in the east -
ern half of the map sheet.  The larger range of di rec tions (com -
pared to the ear lier south ward flow) for this later flow, ex pressed
by ero sional marks, the till fab ric, and par ticu larly the ori en ta -
tions of end mo raine ridges through out the area, proba bly re -
flects the greater con trol of to pog ra phy on the flow of the wan ing 
ice sheet.  The ori en ta tion of the stream lined bedrock- cored hill
situ ated south of Bonny Ea gle Pond trends par al lel to this later
(SE) ice flow di rec tion.  The peb ble fab ric in de formed lodge -
ment till at ST- 90- 083 also rec ords the in flu ence of a later south -
east ward flow which is in ter preted to have al tered an origi nal
southward- trending lodge ment till fa bic.  This re la tion ship at
ST- 90- 083 is con firmed by nearby cross- cutting striae and
grooves.

Deglacial Model for the Standish Re gion

The quali ta tive li tho fa cies model for the de gla cia tion of
Maine pro posed by Thomp son and Borns (1985) is ap pro pri ate
to un der stand ing the sur fic ial ge ol ogy in the Stan dish area.  For
other works which de scribe the gla cia tion and de gla cia tion of
south ern and east ern Maine the reader is re ferred to Ash ley et al.
(1991), Borns (1973), Smith (1985), Stuiver and Borns (1975),
Thomp son (1982), and Wed dle et al. (1993).  

Mor phose quence map ping as de scribed by Ko teff (1974)
and Ko teff and Pessl (1981) was used to help de line ate the type
and prog ress of ice mar ginal re treat through the Stan dish area.
Mor phose quences are sim ply groups of as so ci ated de pos its (e.g.
es kers and del tas) which were de pos ited in a se quence that was
con trolled by the re treat ing ice.  Use ful mor phose quences in the

Stan dish re gion are:  (1) the per va sive end mo raine and as so ci -
ated sub ma rine fan se quences, and (2) the gla cioma rine del tas
and feed ing es ker sys tems.  The lat eral con ti nu ity of in di vid ual
mo raine ridges across the map area sug gests that where the topo -
graphic re lief was low est (at least on the scale of this map sheet)
the ice mar gin re treated in a regu lar and or gan ized man ner.  The
ab sence of these well- developed end mo raines in the north ern
por tion is mostly at trib uted to the in crease in in flu ence of gla cial
hy drau lics and a greater sub gla cial and sea- floor re lief on ice
mar gin ge ome try.  As de scribed ear lier, the gla cioma rine (delta)
mor phose quences rec ord the sys tem atic re treat of the ice across
the Stan dish quad ran gle.  Ice- contact, lee side, and esker- fed del -
tas were par ticu larly use ful for de line at ing the po si tions of the
re treat ing ice mar gin.  The ice–mar ginal po si tions dur ing delta
depo si tion (in di cated by the steep delta ice- contact slopes,
esker- delta con tacts, and in tense ice dis in te gra tion fea tures and
delta sedi ment de for ma tion in the proxi mal parts of the del tas
(Fig ure 5)) can be cor re lated to end mo raines so the ice mar gin
po si tion across the en tire map area can be ap proxi mated in sev -
eral places.

Fig ure 7 is a sche matic dia gram il lus trat ing a pos si ble re la -
tion ship be tween the re treat ing ice mar gin and as so ci ated gla cial
sedi ments dur ing the depo si tion of Pmd5.  This po si tion is
marked by an anoma lous abun dance of ket tle fea tures across the
map area (ref er to the geo logic map).  The abun dance of ket tle
holes along this ice mar ginal po si tion may re flect a sig nifi cant
pause in the ice mar ginal re treat.  Lodge ment till (Pt) is shown to
be the low est stra tigraphic unit.  Del tas Pmd1, Pmd2, Pmd3, and
Pmd4 have al ready been de pos ited and are sur rounded by the sea. 
The mor phose quences sug gest an ir regu lar but con tinu ous gla -
cier mar gin which trends west- southwestward across the quad -
ran gle.  The pos si bili ties of a float ing vs. grounded mar gin were
con sid ered in the Stan dish re gion.  Both end mo raines and sub -
ma rine fans can be de pos ited at the ground ing line of ei ther a
float ing or grounded mar gin.  If Alas kan tide wa ter gla ciers are
an ap pro pri ate anal ogy, then the re sults of Brown et al. (1982)
seem to sug gest that a float ing mar gin in wa ter depth on the or der 
of 130 ft (40 m) is pos si ble for ice mar ginal thick nesses of less
than 100 m (the maxi mum depths of del tas in the Stan dish re gion
is about 98 ft; Ta ble 2).  How ever, as Thomp son et al. (1989)
point out, the for ma tion of delta topset beds (T, Fig ure 7) re -
quires that no ice shelf ex tend be yond the ground ing line (Fig ure
5).  Ac cord ingly, only small por tions (if any) of the mar gin could
have been float ing when the mar gin was in the Stan dish re gion.
A thin, grounded, calv ing mar gin is por trayed in Fig ure 7 where
the con tem po ra ne ous sea level was against the ice.  As the mar -
gin con tin ued to re treat it would have un cov ered the high lands to 
the north.  The greater topo graphic re lief would pro duce a more
ir regu lar ice mar gin ge ome try.  Lo cally, smaller por tions of the
ice would have re mained in con tact with the on lap ping sea as the
mar gin ap proached and passed above the ma rine limit ele va tion.
The Saco River Val ley to the north west of the quad ran gle would
most likely have been drowned by this ma rine trans gres sion.
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SIGNIFICANCE  OF  SURFICIAL  DEPOSITS  IN 
THE  STANDISH  QUADRANGLE

The ex ten sive and highly ac ces si ble del taic and fan de pos -
its are a sig nifi cant high- grade ag gre gate re source for south ern
Maine.  Al though there are sev eral large sand- and- gravel pits
op er at ing in the more ex posed de pos its (es kers and del tas),
well- log data in di cates that a large amount of gravel and sand (on 
the or der of 1 km3) may still be avail able from this quad ran gle.
How ever, much of this re serve is proba bly of lower qual ity and
less ac ces si ble than the ma te rial al ready mined, es pe cially where 
it lies be low the wa ter ta ble in mapped sand and gravel aq ui fers
(Tol man et al., 1983).  

The Stan dish quad ran gle has a clas sic as sem blage of Qua -
ter nary gla cioma rine sedi ments.  Beau ti ful ex am ples of gla -
cioma rine fans, del tas, and end mo raines are pre served
through out the quad ran gle. The spec tacu lar end mo raine com -
plexes are among the best ex am ples in North Amer ica.  These
mo raines are eas ily ac cessed by the roller- coaster–style roads

which cross them.  The use ful ness of the gla cioma rine del tas for
fur ther con strain ing the his tory of sea- level change in south ern
Maine is un cer tain.  Some del tas in the re gion ap pear to lack un -
am bi gu ous, well- preserved topset beds (the topset beds are re -
placed by recessional- facies over wash sand and gravel de pos its)
so a closer in spec tion of these grav els is nec es sary bef ore us ing
the gravel- foreset con tact as a trans gres sive pa leo sea- level in di -
ca tor. How ever, the beach de pos its and wave- cut benches rec ord
strand lines which will pro vide im por tant in for ma tion for on go -
ing re gional crus tal up lift and sea- level stud ies.
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Fig ure 7.  Sche matic block dia gram il lus trat ing an ice mar gin po si tion and gla cial sedi men ta tion dur ing the re treat of the Wis consi -
nan ice sheet be low the ma rine limit.  Shad owed ar row in di cates re treat di rec tion.  Lo ca tion and ge ome try of the de pos its are in ferred
and are meant to rep re sent the trans gres sive re la tion ships, i.e. bef ore ma jor re work ing dur ing sea re gres sion.  Ice mar gin is mostly
grounded but calv ing in places.  Pa leo sea- level is es ti mated as de scribed in the text.  Units Pemc, Pmf, and Pmd are de scribed in Ta ble 
1.  Pmd num bers ref er to spe cific gla cioma rine del tas (Ta ble 2).  T = delta topset beds, K = ket tle.  Pre sump scot For ma tion not shaded,
but would cover most of the sea bot tom.  Lo ca tion of the ice mar gin in this fig ure ap proxi mately co in cides with re treat po si tions
marked by a belt of ice dis in te gra tion fea tures that ex tends across the map sheet (see the surficial geology map).
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