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INTRODUCTION

uring the period of deglaciation of Late Wisconsin

e in northern New England the surface of the ice sheet
ived and in $o doing became dissected in the moun-
inous areas. Northwest-southeast trending valleys
parallelled regional ice flow became the main con-
it for remaining ice magses. Theories concerning the
de ‘of recession of these ice masses have been actively
uted in the literature, WModels suggested range from
e marginal stagnation retreat (Woodworth, 1898; Flint,
; Goldthwait, 1938; Currier, 1941; White, 1947;

has, 1953) to active marginal retreat (Lougee, 1940;
ugee and Vanderpil, 1951). 1In order to help resolve
is issue we present &n example of glacic-environmental
nditions during the latter stages of ice occupation
one of the northwest-southeast trending vaileys of
utheastern New Hampshire. To characterize this period
eglaciation we examined the distribution of ice-
ontact deposits along a portion of a former ice flow-
vline in this vallay,

SURFICIAL DEPOSITS IN THE STUDY AREA

_The study area (fig., 1) includes a portion of the
ocheco River valley near Farmington, New Hampshire,

hich the valley narrows abruptly. It centains several
ypes of glacilal deposits (fig. 1) including in strati-
,.graphic order, oldest to youngest: drumlins, kame terr-
#ces and eskers, collapsed outwash, outwash, and dune
ands. Special emphasis was placed on examination of
the eskers bacasuse these deposits are the beat displayed
ilce~contact deposits in the area and Goldthwait (1968),
working in the next valley to the east, was able to
extract censiderable detail concerning the mode of de-
-glaciation in that valley by study of the massive Pina
River valley esker complex.

All Deposits Exclusive of Eskers

The oldest glacial deposits in the area include elon-
zate, north-northwest to south-southest trending drum-
‘lins. Kame terraces flank both walls of the Cocheco
iver valley. The larger of the two exposed kame ter-
‘races, on the southwest wall, has a Lop surface eleva-
“tion of 300-305' asl and appears conformable with the
&ops of several rounded hillocks to the northeast and
toward the valley center. The kame terrace on the
ihortheast wall has a top surface elevation of 291' asl
nd is overlapped in part by mixed outwash and collapsed
Outwash that has a surface elevation of 317' asl. Out-
‘wagh is common throughout the study area in the form of
broad, steep-sided, flat-topped erosion remnants which
ise up to 65' above the surrounding lawlands. The
rface of the outwash is conformable over an area 3.0
by 0.5 mi.,, its larger dimensicn parailels the
lley axis. The outwash surface ranges in elevation
om 305' agl in the northwest to 270' asl in the
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AN EXAMPLE OF ESKERS FORMED IN STAGNANT ICE 1
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ABSTRACT

Study of stratified glacial deposits near Farmington, New Hampshire reveals that
the retreat of Late Wisconsin ice in this area proceeded by means of ice-marginal
stagnacion., Eskers in this area were formed within localized ice masses at or near
the base of thin ice by streams which had dendritic patterns and were subaerjally

center of the study area to 270' asl in the southeast.
North of the outwash surface are aveas of collapsed
ocutwash characterized by irregular topography with up to
12' of relief and deformed internal structures. The most
recent deposits in the field area are cross-bedded, fine
dune sands, at least 20' thick, found in a low spot
between two drumlins.

Eskers

Two esker complexes are—present in the study area
(fig. 1). At esker complex 1 a bifurcated esker ridge
(fig. 2) was found adjacent to, but not covered by,
collapsed outwash., This ridge continues southeast along
the Cocheco River valley, punctuated by several ercsion-
al gaps, until it terminates in outwash, From north to
south the ridge ranges in elevation from 293" asl to
267' asl. Esker complex 2 consists of short, roughly
parallel ridge segments that are as high as 45' and as
long as 300' with an elevation range of 290' asl to 300
asl. The top surface of esker F at esker complex 2 is
concordant with the top surface of the kame terrace which
is held against the southwestern valley wall. Other
esker ridge segments are exposed throughout the area;
some are partially buried by outwash and/or kame terrace
deposits.

ESKER STRATIGRAFHY

A depositional history was developed for the depesits
comprising esker complex 1 because this site contained
the best esker exposures in the study area. Teo facili-
tate correlaticn of depositional units between the three
cuts (fig. 3), particle size distributions were measured
for each labelled unit, and for pebbly units, 100 pebbles
were measured for size, shape, roundness, and lithology.
Based principally on stratigraphic position, mode of the
sand sized fraction, and lithologic frequencies, four
depositional stages were identified that correlate be-
tween the three cuts. The stage numbers may be identi-
fied with the unit numbers in figure 3. Depositional
stages are illustrated in figure 4 and described in
table 1.

Lithologic frequencies in pebbly units may be used to
test the hypothesis that these depositional stages are
indeed correlative, via the chi-squared test for homo-
geneity of a collection of samples. Pebble samples from
Stage I units of all three cucs are found to form a

hemogeneous group, suggesting that they were drawn from .

the same population. Lx:hologic frequencies Ercm Stage

cut, perhaps due to nonunifo
sitional erosxcn. Particle

found at éuf”c;;d
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Figure 1. Map of sm‘f‘icial deposits in -_thé_-st_udy sared
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Figure 2.

. egker ridges. Stages 1T and IV are believed correlative
. between the cuts based on stratigraphic position and
particle size distribution.
) The existence of units several feet thick which are
continuous over a distance of 500' with no change in
stratigraphic position indicates that the mode of depo-
aition wag fluvial rather than deltaic. All cuts have
pseudo-anticlinal bedding, probably due te slumping
after the enclosing ice walls had melted. All cuts also
exhibit a trench-like feature that lies stratigraphi-
<cally below the Stage II silt layer and above the Stage
pebbly sands (figs. 4 and 5). This feature is probab-
ly erosional in origin. Younger units £111 the trench,
hile older units appear to have slumped into it, part-
ally via faulting. The generzl lack of deformation and
aintanance of fine structures in these eskers suggests
hat they were deposited at or close to the base of the

GENERAL STRATIGRAFHY

=E§amina:ian of the relation between the esker .com-,
85 and other stratified glacial sediments in the :
¥ area provides additional details concerning the

ESKER RIDGES
B COLLAPSED OUTWASH

CONTOUR INTERVAL &'

> SOUTHWARD
~ EXTENSION
OF

ESKER

Enisrgement of surficial deposits in the vicinity of esker complex 1.
Contours are in feet above swamp baselevel.

mode of formation of the eskers.
Qutwash in the study area i1s in most cases flat

lying, hence these large outwash remnants were not da-

posited on ice. Several esker ridges in esker complex '
2 1lie between two of these large outwash remnants, but .. . .
are not covered by them., This situatlon can be explainr-
ed by postulating a small ice block surrounding esker '
complex 2 at the time of outwash deposition which w
least as high as the outwash surface. Relatiy 7
of eskers and outwash implies: a minimum ic
50' during outwash deposition. ' The ridgs.:
esker complex 2, is flanked on one sgide b:
befo;
ima o
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Figure 3. Stratigraphic sections for the three exposed cuts at esker complex 1.

South of esker complexes 1 and 2 all outwash is flat-
ing except for a few isolated kettles and one site, remnants all ha
ar outwash cut 0-7, with deformed structure. Gaps based on 25 alt
tween these outwash remnants are due to post-deposi- the area {8 ¢
gnal erosion by the Cocheco River and perhaps alsoc to

he presence of ice masses during outwash deposition.

Ice contact deposits and some proglacial deposits in

He study area can be shown to have bsen controlled by
common bsse level. Ridges at esker complexes. 1l and = -

2, kame terraces and-the three norther:
ea ce el

10



The mass of ice from which the f{ce contact deposits
“in the study area formed was comprisad of several stag-
nant, discontinuous ice bodies each approximately 1 mi.
cross and 50" thick. The margin of the fce mass from
which these sediments were deposited extended at a max-
wum to the point of valley comstriction, near outwash
ut §-8 (fig. 1), or perhaps only to the contact between
tollapsed outwash and outwash, 1.3 mi. novrth of the
alley constriction. Thia constriction, in conjunction
ith stagnant ice masses in the area helped to dam some
f the water lasuing through the melting ice, producing
local base level for this drainage. The ice mass
escription and state of activity we suggest suits most
losely an ice-marginal stagnation retreat model.
Eskers in the study area appear to have formed at or
ery close to the base of wasting ice In fairly contin-
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Figure 4. Depositional stages in the formation of the eskers at esker compiex
1. See table 1 for details.

Table 1, Depositional stapes at asker complex 1.

Stage I: Deposition of interbedded sandy pebble units and coarse sands;
moderate, but variable stream velocity relative to other units in
complex; interpreted as outwash perhaps daposited frém braided
streams. Deposition fellowed by a high velocity erosional event,
which dug a trench~-like feature into which existing sediments
slumped and faulted.

Stage II: Relatively low atream veloéity avent, deposition of fine sands and
siits.

Stage I1T: At least three high velocity, short term flood events with rapid
deposition of byuldery-gravels showing graded bedding.

Stage IV: Deposition of pebbly sands similar to Stage I units.

CONCLUS IONS uous dendritic stream paths similar to those in the

Pine River valley (Goldethwait, 1968). The ice confines
of the esker streams were either open ceilinged or
nearly open ceilinged. At least four depositional stag-
es characterized by different stream velocities and
sediment loads were involved in the formation of these
eskars.
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Figure 5. Sketch of esker cross section at cut A, esker complex 1. The
atritude of the bedding near the center of the cut is uncertain
due to slumping.
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