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ARSTRACY

Till and stratified dvift overlic mavurely dissected topography in
the Belchertoun quadrauple, an area that straddles the New England Upland
and Connecticut Valley Lowland in central Massachusetts. Lower Paleozoic,
massive quartzo-feldspathic gnaiss, quartzite and schist of the Pelham
dome aud Devonian granodiorite and quartz diorite of the Belchertown din-
trusive complex are in contact with Triassic arkosic fanglomerate and basalt
alceng a lengthy normal fault sepavating the New England Upland from the Conn-
ceituct Valley Lowiand. The orientation of striae, roches wmoutouneces, and
stveanline ridges indicate that the last Wisceousinan glacier advanced
genevrally sovth 129 east. his placier removed scveral meters of rock from
the upland and an unknown larger quantity from the preglacial valley of
the Cnnmecticut River. Till is thin in the uplands, but several tens of

jeet of drift overlie bLedrock in the lowland.

(2]

Threce lithic facies of sandy, clast-rich, non-compact, subarkosi
till derived from the three major source rocks rest on bedrock or on highly
veathered, compact, clast-poor, fissile probably older till. The mean
for all upper till 1is €9.6% seud, 21.7% silt, and 8.8% clay; lower till
consists of 487 sand, 237 silt and 297 clay. Mud-rich, compact, sparsely
stony till dn drumlins in and along the flark of the Connecticut Valléy
Lowland is composed of 51.5% sand, 28% silt, and 20.57 clay. Upper tills

are facies equivalent deposits of the youngest Wisconsinan drift. Lower

e

till is compact deeply weathered, jcinted and stained suggesting it is
correlative with other lower till in New England deposited by an earlier
Wisconsinan glacier. Drumlin till may be a facies equivalent of lower till
or a mud-rich upper till derived from earlier glaciolacustrine deposits.
Ucper and lower till of the Belchertown quadrangle is texturally
similar to other New England upper and lower tills to which they are equiv-
aleat. Both tills are interpreted as lodgment till derived from similar
bedrock terrane by two different glaciers. The older glacier incorporated
mud-rich saprolite producing a fine grained till, while the younger glacier
eroded fresh bedrock or a thin regolith produced by mechanical weathering.
During stagnation zone retreat of the last glacier, stratified drift
was deposited by melt water in, on, alongside or down valley from stagnant
ice. The absence of stratified drift along upland divides indicates that
stapnation did not begin till large nunataks were emergent. Kame terraces,

kame deltas, and ice channel fillings indicate that melt water flowed aloag

stagnant ice and emptied into temperary proglacial lakes. As downwasting



progressed, water was able to drain at lowar elevation into expanding lakes,
the last of which merped with rovthward-expanding proglacial Lake Hitchecock
in the Connecticut Valley. Initial melt water drainage to the southeast
was followed by drainage to the southwest to the ancestral Chicopee River,
Witlt the openiug of the Narrows, Lake Nitchcock axpanded northward and
eastward to form the Awherst embayment into which melt water from the
eastern uplands drained.

»

Sand and gravel overlying varves in the Amherst embayment was de-
posited :n late-giacial Lake Lawrence whiclhh ¢ocaliesced with equivalent
Lake Hadley through cols between drumlins in tie Connecticut Valley Lowland.

Deglaciatior of the Belchertown quadvaugle probably occcurred in a
span of about 1u0 years in the interve! 12,000 to 12,500 years B.P,

Unceasolidated gadimente of tie balchertown cuadrangle arc summarizad
as to thedr geolosic and georechaical properties for land use planning.
Drif¢ as it dinflucoces growendwater flow, yield, and quality and as a
conutiyucitilon matarial is assessed. Some cenvironwental degradation has

occurred Ivow the ipaisceriminant dicpoecal of liquid and solid waste as

woell ze irjudicious use of road salt. .



BELCHERTOWN, MASSACHUSETIS QUADRANGLE
SURTICIAL CEOLOCY

INTRODUCTION

The Delchertown quadran;le is located in Hampshire County
in central Massachusetts in the New Ingland physiographic province
(Fig. 1). As defincd by Lobeck (1932), Atwoed (1%40), and Fenneman
(1938), the New England province is the probable equivalent of the
Piedment provinee to the southcast in the Appalachian Highlands, although
relief in FNew England is greatcer than {n the Piedwont. Probable cquiva-
lents of tue Blue Ridgse 2nd the Ridge and Valley physiographic provinces
ia the Central and Southein Appalachians lLave nob been clearly estab-
lished iuv Nevw England. The eastecrn part of the Belchertown quadrangle
is lecated i~ the New Englond Upland sectiou (Fenneman, 1928) which is
a dissected plateau of moderate relief developad on Paleczeic and older
matancyphic and {gnecus rocks. The westefn part of the Belchertown.
quadranile is in the Connecticut Valley Lowland section, an area of
lew relief developed by differential erosion of the weakly consolidated,
underliving Triassic scdimentary rocks, The east-west -trending, basali-
capped Holycke Range separates the Comnecticut Valley Lowland of the
Belchertown quadrangle into two topographic basins. Figurs 2 is a map
showiug generalized bedrock types in the area. Pleistocene glacial de-
posits veueer the bedrock in the uplands, but the drift is several tens
of feet thick in the lowlands.

With the exception of the Fort River which flows southwestward

through a small arca in the northwestern part of the quadrangle, there



2.
are no major streams in tue Belchertown quadrangle. The east-ceutral
aud northeast sections cf the quadrangle are drained by small first and
sccond order streams which cmpty into Quabbin Reservoir in the Swift
River drainage basin., Most drainage occurs by way of swall streams
draining either northwest to the Tert River, or southeast to the Chicopee
Fiver., The Chicopec and Fori Rivers ecupty into the Connerticut River.

The surficial geology was mapvad durding 1970, 1971, and 1972,

2

using rhe BFelchertown 7-1/2 miuute topozvaphic map as a base. Field

~y

obzcvvation of natural and temporary exposuvrces aud hand-dug shovel and

upplemented interpretation cf the topographic map and aerial

L9s]

. PR B
auger holes

phoresraphs in the compilation of the surficial geologic map. Many excel-

&)
-

lent temporewy exposurcs were providad by the numerous construction projects
uwdertaten iu tha area curing the course of rhe project. Samples of drift
were cmlleéted'from natural and temporary exposures for later analyses in
Yaboratory.

This project was undertaken as parv of a Ph.D. dissertation
under tha supervision of Prof. Joseph H. Hartshorn of the Department
of Geology and Geography of the University cf Massachusetts and
Dr, Linceln R. Page of the U. S, Geological Survey, Geelesic-Diwvision,
Boston. Grateful acknowledgment is extended to each for assistance
and support during the project. Laburatery work was carried out using
the facilities and equipment of the Geology Départment of the University
of Massachusetts.. Profs. John H. Hubert and Ward S. Motts provided

.

information and data. The writer benefitted from numerous discussions
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among colleagues in the CGeology Department too numerous to mention.
Thanks are duc to many people who freely provided data and access to

exposures c¢n private property.

TRE-PLEISTOCENE GEOLOGY

Bedrock

A. Precawmbrian “nd Palcoz

L
G
}-—l
R
5
Y
H
o

The New Eungl: underlain by largely Palcczoic and

older metamcerpiiic and igneous rochks. Somz dike rocks of lithology similar
to theee in the Connecticut Valley may be of Mesozoic or younger age
Stratigraphically undifferentiated graunitic gneiss with some schist,
quartzite, and pegmatite couprise the core of the Pelham dome, one of
numcrous 2ligned, erdigmatic mantled gneiss domes of New lngland., Emerson
(1898) mapped these undifferentiated quartzo-feldspathic gneisses with
interbedded quartzite as the Becket gneiss. Robinson (1967) refers to

" ¢f uncertain age as the "Pelham gneiss" until they

these "core rocks
can be further investigated to determine whether a stratigraphic suc-
cession can be distinguished. Middle Ordovician to Devonian metasediments

which have been metamorphosad to varying prades now cccur along the flanks
of the Pelham dome. These rocks formerly covered the dome (thus the name
"mantle rocks"), but have been stripped avay from the core of the dome

by Phanerozoic erosion. Only the Middle Ordovician Partridge formation

(a rusty-weathering, pyritic, micacecus schist) was observed during field
investigation in the Belchertown quadrangle. Exposure of the Partridge

formation to the west of the Felham gneiss in a cellar hole aleng Kopiac

Avenue suguests that rhe mantle tocks way be folded around the core of
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the Pelham dome (Robinson, personal communication). Thus, rocks of the
Clough or Littleton Formations and/or the Anmonoosuc volcanics may also
exist west of the axis of the Pelhum dowme.

Deformation of pre-Middle Devonian rocks to form the Pelham
dome and intrusion of hornblende and biotite bearing quartz diorite
and granodiorite (and related vecks) of the Belchertown intrusive com-
plex (Guthrie, 1972) are post-Lower Devonion events that at least in
part reflect the Acadian orogeny (Robinsou, 1907). Detailed discussions
of this deformation may be found in a number c¢f papors which are summarized
in Bobinson (1967), Rodgers (197C), aund Thowpson, et al, (1968) and MNaylor
(1969). Quartz diocrite, granodiorite and pegmatite of the unmetaworphosed
Pelchertewn intrusive complex are fnund in the southeastern and south-
central parvts of the quadrangle. ITutrusion of these rocks during the
Devonian period prcocbably intensified thé grade of metamorphism in the
surrounding rocks (Guthrie, 1972). The topography which has developed
on thege essentially unfoliated rocks differs from that found in the
Pelham dome where glaciation has accentuated the north-northwest
trendinrg foliation. .

Brittle deformation of these Paleozoic and older rocks along
Qith intrusion ef diabase, basalt and pegmatite dikes may have occurred
during Triassic and later time. Dikes and sills of basalt and diabase
of Triussic age occur in the non-marine sedimentary rocks of the

Connecticut Valley suggesting that discordant masses of similar rocks

in the uplands arc approximately contemporaneous.,



B. TIriassic
Triassic non-marine, commonly red, fluvial and lacustrine

andstene and conglomerate and interstratified lava flous and sills cf

%]

[N

izbase and basalt underlie the Connecticut Valley Lowland. These rocks
were deposited or intruded into a basin formed by tensional stresces
asscclinted with the opening of the North Atlantic Ocean (Bird and Dewey,
1970; bDewey and Bird, 1970). 7The sediments in the Lowland were deposited

¥ by sivewms whicl originated in the uplands to the 2ast znd flowed

e

west into the half graben of the Connecticut Valley.

The eastern boundary of the Comnecticut Valley Lowland where
Triassic redboeds are in sharp contact with eclder metamorphic rocks has
long been cousiderad as a fault., Willard (1942) interpreted the Triasszic

basin of the Connecticut Valley as a composite basin formed by several

m

generally north-tranding, westward-dipping gravity faults. “fhe age of

N

cvlts cenerally decreases castward. As the western block is always
) Y

P

these
dropped, the oldest faults in this sequence have been buried by fanglomer-
ates which extended themsclves progressively westward. An unknown number
of buried faults of unknown throw in the Connecticut Valley have made it
difficult to estimate the thickness of these Triassic deposits and the
amount of relief between the formerly continuvous surfaces of Paleozoic rocks.
Emerson (18§8) reported a well in Northampton which bottomed in Triassic
rocks at a depth of 3700 feet. Rodgers (1968, 1970) indicates that the
cumulative displacement along all of these normal faults may be as much
as 5 miles.

The Triassic border fault in the Belchertown quadrangle has

been mapped from the southern border of the quadrangle to a point north
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of Lake Holland (see Plate 1). Although the fault was not observed,
structurally controlled drainage, changes in topography, and bedrock
exposures indicate the position of the fault. North of Lake Holland,
no exposures of Triassic rock occur in the Connecticut Valley Lowland
in the Delchertown quadrangle. Paleczoic crystallire rocks crop out
in the {loor of a borrow pit on the east side c¢f Route 9, 6 miles north
of North Styreet. Along with crystallire vocks expesed along Southeast
Strect (Amherst) just bhevond the western margin of the Delchertown
quadrangle and an extensive exposurc of crystalline rock in Mt. Warner,
Triassic rocks in this part of the Cornecticut Valley are either very
thin or entirely absent. The northeast corner of the adjacent Mt.
Helyoke quadrangle was interpreted as Paleozoic metamorphic rock ve-

7).

neered with Quaternary Jeposits (Dalk, 19

\kﬂ

The Triassic redbeds were originally interpreted as marine

ted by tidal currents in a basin that was sufficiently

<

g».

sadiments deposi
cool to sustain river ice (Emerscn, 1898). In a classic paper,

Krmine (1950) interpreted theee rocks as consolidatﬂd alluvial fans
deposited in tectonically controlled basins in an arid environment.
Sedimentary structures and facies relationships have confirmed the
aliuvial fan origin of these redbaeds and have permitted subdivision

of these rocks into facles deposited in the following environments:

(1) proximal and distal sections of alluvial fans, (2) floodplains of
braided and meandering streams and (3) lakes which formed when the
major southward flowing stream in the Connecticut Valley was blocked
by westward growth of one or more alluvial fans. (Wessel, et al, 1967;

Klein, 1968; liubert, personal communication.)
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Emerson (1891, 1898) divided the Triassic rocks of the
Connecticut Valley in Massachusetts into (from oldest to youngest):
(1) t1he Sugarleaf arkese, (2) the Helyoke diabase, (3) the Longmeadow
soandstoue, (4) tbe Granby tuff and (5) the Chicopee shale. Krynine
(1950) divided thoe Comnecticut Valley Triassic rocks in Connecticut
{frto units basad on their stratigraphic position relative to eruptive
recks as follows:
Portland Formation
lempden Basalt
Fast Berlin Fernation
Helyoke Basale
Lhuttls Maadow Towimation

Talcott Basalt
New Haven Tornmation

Frenine's (19507 terminology was extended to the southern Massachusetts
hardor by Rodgers, et al (1936) and then into lMassachusetios by Hartshorn
and Kenei® (1967) whe used "East Berlin Formation' in place of "Longmeadow

sandstoue. "

Trias

0

ic sedimentary rock in the Connacticut Valley Lowland

in the Delchertown quudrangle consists of red, very poorly sorted, un-
steatificd to mussively-bedded, arkosic pebble and cobble conglomerate
witii thin-interbedded, plane-bedded arkosic sandstone. The mud-rich
vitrix of these rocks generally consists of hematite-stained siit and
[inc-to-mediuwnm sand. This wmatrix weathers relatively quickly such that
atter S5 to 10 years of exposure, clasts of cyrstallinme rock can usually
be removed by hand. These arkosic fanglomerates belong to the "proximal
and distal alluvial fan facies" (Kiein, 1968) and occur stratigraphically
below (nerth of) and above (south of) the Holyoke diabase (Balk, 1957)
in the Mt. Holvoke quadrangle immcdiately west of the Belchertown quad-

rangle.  Although the trend has been to abandon Emerson's terminology
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in favor of Kryuine's (especially south of the lolyoke Range in Massa-
chusetts), the writer prefers Ewerson's nomencloture because: (1) it
has precedent in the literature over that of Krynine, and (2) has been
used in published literature and maps in adjacent areas {(Balk, 1957;
Willard, 1951; Wessel, et al, 1967). The Triassic rocks south of the
Holycko basalt are nearly identical with those to the north as prexiwmity
to the source area in the eastern vplands controlled the texture of
the deposits. Thus, lithologically very similar red fanglomerates be-
long to the Sugarloaf arlose north of the Belyoke Renge and to the Long-
meadow sandslceue to the soutn.

Both the Sugarlecaf arkose and the Lengmeadow sandstone are

- tracks have

o)
Ps
jo}
]
6]
3
[y
i

uaforgiliferous in the Belchervown quady:
.heen reported i1 the Longmeadow sandstone to the west, buf none were
observaed nor were there any reporté of them in the Longmeadow sandstone

in the Bélchertnwn quadrangle; Plant and fish fossils are well known frem

the fine sandstones snd shales of the Longmeadow aud Chicopee formations.

GEOMCRFIOLOGY
A, Preglacial

The geolugic history of the area betwcen the Devonian and
the Triassic periods and the Tviassic period and the Pleistocene epcch
is little known. Emerson (1898) believed that a south-flowing
stream and estuary occupied the present area of the Connecticut Valley
before Triassic sedimentation. Clasts in the Triassic fanglomerate
suggest removal of a considerable thickness of rock in the eastern
uplands in order to expose sillimanite grade metamorphic vocks to

erosion by Triassic streams. The suggested depth of erosion implies
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considerable bedrock relief in pre~Triassic time. Emerson (1898)
doubts that the arca wes worn down to a penaeplain by pre-Triassic
systems as suggested Ly Davis (188%). Topography on the pre-Triassic
surface of evosion on crystalline rock indicates greater relief than
that believed indigenous to peneplain,

The Connccticut Valley Towland was produced by erosicn of a
wajoyr stream similar in size aud location to the present Connecticut
Triassic, pre-Pleistocene interval., Probable pre-
ape in the Connzcticut Valley was mapped by Dmerson who
found thiat the present fommecticut River occupiecs & chanunel which is

partly preglacial acd partly postglacial (Emerson, 1398: Saineeg, 1971

Motte, 1971). Supervosition of the ancestral Connecticut River aund its

-

mejor tributaries occurred during stow eplift iu preglacial time and

ry

produced bedrock govges such as those presently found along parts o
the Deerfield and Connecticut Rivers. Portions of the present channel
of the Cennecticut River in thick drift probably coyrespond with a pre-
glacial channel; those in bedrock are postglacial and imply diversion
of the river from its preglacial channel by glaciation. Parts of the
preglacial channel of the Connecticut River which is now drift filled have
been located by seivmic refraction lines and water wells.

Two exposurcs of thick, preglacial kaolin-rich soil in
Hampshire County (Emerson, 1898) along with the Brandon lignite of
Vermont (Baarghorn and Spackman, 1949) and a few other localities of
preglacial regolith {Goldthwait and Kruger, 1938) suggest that a warm,

temperate climate prevailed in New England in the early to middie
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Tertiary perlod. This moderately thick, preglacial loam may in part
account for the texture of some of the till overlying bedrock in parts
of Necw England as discussed later,
Widespread fiuvial and marine erosion surfaces of the
New Fngland Upland which have been Lypothesized by many workers and
wirich are summarizoed in Fenneman (31928) and Thornbury (1965) cannot

be accepted diu light of current geomorphological concepts without

The present {opegraphy of the Belcheiviown quadrangle has
resulted from differential erosion o! varying rock types. The major

elewents of tbis topography were formed in preglacial time and consist

of an upland east of the Triassic border fault, tle Comnecticut Valley

.
3

Lowiand and the east-yest trending Holyoke Range which divides the

lovland of the Commecticet Valley into a northern and southern basiﬁ.

The highland cast of the Triassic border fault (herecinafter referred to

as the eastert upland) is underlain by granitic and granodioritic gneisses,
schists, and quartzites, of the Pelham gneiss and granodiorite and quartz
diorite of the Belchertown intrusive complex. As indicated earlier,

the Pelham gneiss constitutes the core of the Pelham dome, the axis of
which trends approximately north-south and generally bisects the eastern
upland. The Belchertown Intrusive Complex occurs in the southcentral

part of the area. Rellef in the eastern upland is mederate with elevations
ranging from about 400 feet along the border fault to 1238 feet at the

highest point of Mt. Lincoln. Topography within the eastern upland is
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generally that of a moderately dissected upland with ridges of resistant
rock forming divides between small first and sccond order strecams which
drain gencrally west or southwest into the Connecticut Valley Lowland.
Pegmatites outcrop at or near the crests of a number of these ridges
suggesting litholegic control by these resistant recks. Many of the
ridges in the Pelham dome, and in particular East Hill and Dodge Hill,
exbibit a generally north-noxthwest trend that reflects glucially
accentucted folization which 2lso strikes nmovih-northwest. Large scale
stoss and lee tcpography is common. Drift deposited on the upstream
side of glacially abroded Ledrock knobsz hes prodoced smooth stoss sides.
Plucking by overriding glacial dce has produccd very jaggoed, knobby
rook surfaces on the south and southessi sides of Ledrock knobs.

The Cocnecticut Valley Lowland is an area of generally low
relief with elevation rauging from 150 to about 400 feet. The area
south of the Holyoke Range is underlain by saud and g;avu and forms
a geatly south tn scuthwestward sloping plain that is generally below
300 feet elevation. edrock ridges protrude above this surface. North
cf the Holyoke Range, the Lawrence Swamp basin is an area of low
relie{ tnderlain priucipally by lacustrine silt and clay with a sand
veacer,  Sand and gravel in kame terrzces and deltas generally borders
this basin to the eact -and south. The Holycke Range is a range of low
mountains capped by Triassic diabase and is the exception to this lowland
topography. Elevations in the Holyoke Range range up to 920 feet on

Long Mountain. A northeast~trending grain to the topography in the

northeast part of the town of Granby results from the structure of the
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underlying arkosic conglomerate of the Longmeadow formation. The
Longmeadow in this arca strikes northeast and dips southeast forming
strike ridges with steeper west facing slopes (scarp slopes) and more
gently inclined east facing dip slepes. Between Long Mountain and
Arcadia Lake, a nuwber of cols are occupied by streams trending generally

normal to the strike of the lelycke Rangs., While this is typical for

a heglack ridge such as the ilolyoks Range, the ccurses cf these streams

may be lecalized by fractures. Baiun (1%41) has wappad several generally
novth-trending dip siip faults in this svea along which there may have
been counsiderable vertical displacement. Thus, some of these cols through
which malit water drained may be structurally controlled.

lacially modified upland tonography, the

Unlike the

e
[

- -

topozraphy of the lowland: and the margin of the lowlands is a composite
of numerous landfoims comprised cof Pleistocene drift. Most of these
landforms are composed of stratified drift, but a few are composed of
tiil., The tail of a northwest-trending drumlin cn the west side of
Southeast Street is the soutlieasternmost in a chain of northwest-trending
drumlins which had a significant control on late glacial drainage in the
Lawrence Swamp Basin. Landforms coumposed of stratified drift in the
Belchertown quadrangle jaclude kare terraces, kame deltas, channel
fillings, outwash aund valley train deposits, and a lake plain. Along
the flarks of the uplands and along the flanks of the Holvoke Range,
kame terraces composed of sand and gravel record levels of melt water
drainage controlled by stagnant ice in the lowlands. These landforms

which are used to interpret a chronology of deglaciation are discussed

later in this veport along with the dnterpreted deglacial chronology.
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Unusually thick drift in the basin of Knights Pond has pro-
duced a topegraphy in which ridges of stratified drift and till rise
above a surfacc of low relicf. 1In this basin, an unsubstantiated
report indicares that a waler well west of Gold and Munsell Street does
not reach bedrock at a depth of 110 feet. Other wells aloug Gold Street
reach bedrock at depilis of greater than 50 feet indicating that this
topographiz basin probally corresponds to a4 basin in the underlying
cryatalline bedreck. Logs of the few wells drilled bere ave not suf-
[iviontly detailed as te disti

hguish what porticn of the unconsolidated

D

material is drift or preglacial regolith.

PLEISTOCSENL GEOLOCY
Unconsalidated deposits of Plc."*ocene and Ifolocenc age wantle

the bedrock in the Peichertown quadrangle. Bedrock and preglacial soil

U)

tare ercded by one or more southward moving ice sheets and subsequently
dezposited by the ice as till. Stratified sediments consisting of sand,
gravel, silt, and clay were deposited in streams or in lakes fed by
melting glacial ice during deglaciation. In the absence of moraines,
these stratified sediments, which are classified largely on the basis
of landform, are used to interpret a chronology of deglaciation. A
veneer of late-glacial and post-glacial eolian silty fine sand as well
Holocena alluvium, stratigraphically overlies Pleistocene deposits.

A. Glacial Erosion

Glacial erosion is manifest in many forms in the Belchertown

quadrangle. Upland streamline ridges, stoss and lee topography,



14.
roches moutonnees, and striatlons, from large to small, respectively,
have resulted from glacial erosion. The large volume of drift that is
present in the gquadrangle resulted from glacial erosion of bedrock and
pre~glacial deposits and subsequent redeposition.

The rate of erosion by glaciers is a function of the thickness
and rate of movement of the ice, nature and harduess of the basal load
of the ice, and erodahility of the material being overriden (Flint, 1971,
p- 123). ThLe amount of erosion attributed to glaciatiorn varies from a
few meters in the Canadizn Sbhield to hundreds of metess in the Finger
Lakes Valleys of New York ard other deep.valleys in Alaska and British
Columbia (Flint, 1971, pp. 114-115).

Jalms (1943) studicd exfeliated granite knobs in eastern
Massachugetts and concluded that only a few meters of rock had bean
remcved by glacial abrasion from the stoss side of these ridges. Con-
centrated glacicl plucking on the lee sides of these knobs resulted
in the removal of larger quantities of rock. In a physiographic set-
ting similar to New England, Muller (1963) compared divides north and
south of the terminal moraine in séuthwestern New York and concluded
that glacial erosion had removed dnly a few meters of rock in the up-
lands, with the depth and intensity of glacial erosion increasing with
distance north of the ice border.

Several elongate, streamline (in plan), asymmetrical (in
profilce) bedrock ridges in the upland exhibit the effect of glacial
erosion. The trend of these ridges is north to nerth-northwest and

reflects an accentuation of rock types and foliation with the same trend

by glacial erosion. The few striations measured in the upland are
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parallel to the trend of ridges such as East Hill, Dodge Hill and some
of the ridges in the vicinity of Swiths Pasture.

An area of crag and tail topography cccurs northeast of
Knights Pond. The kunobby, steep, south fecing slopes are composed
of bedrock which was eroded Ly glacial plucking. Ice moving in a
general southerly diresction acress these ridges deposited a thin veneer
of till on the stoss (north) side while removing blocks <f rock on
the soutl side by plucking.

Several excellent exzamples of roches moutunnees occur at the
creat of a2 streamline ridge approzimately 0.7 mile north-northeast of
Mt. Lincoln. Masaive quartzite and quartzose gneiss have been shaped
into asvmmetrical ridges by overriding glacial ice. Glacial grooves
.and striations on the stuss side of theve featurcs range irom north-
south to north 20 degrees weét, with a meéian of north 12 degrees west.
This ovientation is approximately parallel with the strike of the

3

streamline ridge and

3

e

ndicates the direction of flow of the last glacier
te override this area.

Striations were found at six otiher localities in the
Belcherteown quadrangle (Plate 1). Striations were measured on recently
exposed Triassic arkosic conclomerate in and near Bobbin Hellow
(Plate 1 and Fig. 3) where the trend of the striae ranged from north-
south to south 30 degrees east. However, rapid weathering and deterior-
ation of this rock type upon éxposure result in obliteration of striae
within a matter of several years. Thus, few striae were observed on
this rock type. Quartzite clasts in Triassic arkosic conglomerate hold

striations much longer, Rubbing polished and finely striated rock with
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a pencil will accentuate the micro-reclief and reveal the closely-
spaced, finc striae on these clasts--especially when observed in low
angle, incident light. Striatijons were reported by Emerson (1898)
near the mouth of Forge Pond, but were not seen during this investi-
gation. These striae trend south & degrees east and south 15 degrees

east. HMineral lincations in gneieses In the uplends bave been accen-

tuated by glaciation, and can casily be misteken for striae upon

de

curcory examination.

~
5
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logous to the case described by Jabhne (31943), corly a few
meters of rock have been removed by glacial erosion from upland ridges
in the area. Most cof that removed wos eroded by plucking from the lee
sisle of bedrock knobs. The depth of erosion by glaciers in the Connec-
ticur Valley Lowl!lands ds difficult to estimate. Several tens of feet of
drift overlie bedrock in the valley, but a substantial awmocunt of bLed-
rock removal in the valley undoubtedly occurred during preglacial
ercsion by the ancestral Connecticut River and its tributaries. While
glacial erosion was more intense in the valley, the.quantity of rock
removed by glaciers cannot be distinguished frem that removed by pre-
glacial streams. Deep depressions in the bedrock surface in the
Counnecticut Valley as in the nearby Springfield South quadrangle
(lartshorn and Koteff, 1967) are prchably thg result>0f glaciation.

Test borings in the Connecticut Valley at several localities reveal

that the present bedrock surface is below sea level--an unlikely result
of erosion by stfeams. The deep basin in which Knights Pond is located
is probably due to bedrock structure or preglacial weathering (or both),

3 »

but probalbly has beon modified by glacial scour,

.
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Glacial Deposits
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to all glacigeaic deposits (i.e.,
Lrift can be classified on
glacially deposited
and sorted, stratifsed

fument deposited in water

Ti1l and stratified drift arve actually

~ial derposited only

In the zonc of stagnating fce viere most till depositiom

3

ice and water ave present in amounts chat vary

saason Lo season.  Thus, will depesited in such

influenced at least partly by water before finally

5

stratification a”d lenses of bedded aud sorted

sand aud/or silt occur in upper till in the area and attest to such pro-

cesses.

obvious, the two may be
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amount of winnowin

Thus, till which
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sizes may be present in the glacier and a minor

environment.

range of grain sizes and some effects

of washing may be difficult to dis ting sh from gravel which is very
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transport by water.
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cause of the climatic fmplications of till, it
from other similar sadiment such as colluvium,



18.
and/or mud flow or landslide deposits, and various types of breccias
(se= Fiint, 1971, pp. 152-153).

11l has been classified according to its presumed genesis
in accordance with obsciuvations dating back te the mid--19th Century
(Tlint, 1271). Lodgment till (Holmcs, 1941) is that which has been

devosited frosn the base of cotively moving ice. Lodgment till is

geacerally fine-grained, compact,

falirin resnliing froan the shoecr of bagal
<

nateriol. Ablation Liit {(Shurp., 1949} is g the melting

of ploncial dice ae¢ eitber a ing deposit, or one orvigineting from

repeaied flow of supovglaciel deboiz to lewer clevation., Till which

gieny, poorly consolidared, contains lenses of

-

wached waterial alosgy with a larpe nusber of ne

o}

r-foceted, non-striated

2 and lacks o consistent fabric lLias been interpreted as

ablation till. Many of the properties of lodgment till are as much
properties of a mud-rich material as they are of material '"lodged"

by moving glacial ice. Dreimauis and Vagners (1971) have shown that a

‘terminal grade" for different minerals and combinations thereof

is a product of glacial transport. Therefore, interpreting the

origin of a till wmerely on texturally contrclled properties could lead

to misintegpretation of the origin of till agd of the glacial history.
Bouliton (1970,1972) indicates that the classification of tills

as either lodgment or ablation is oversimplified and ignores important

depositional processes which result in misinterpretation of Pleistocene

stratigraphvy and glacial history. Observation of numcrous glaciers in Svalbard
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suggests that most till is deposited in 2 terminal zone of debris-laden
stagnant ice pervipberal to or iying below the zone of actively moving

ice. Till is depesited in this stagnant zone of melting ice by a number
of processes which occur supraglacially, subglacially, and englacially.

Debris which may be svegtemotically or randomly distributed in and on

“the surfacce of staynant fce results in differeuntinl melting such that

a hummociy topogrephy of dce and saturated mutarinl exists in the ter-
T & L .
minal crageant dice zeore. Mass movemeni of supevplacial watoer—-saturated

dehris inte topngraphic lows within this zone produccs a till-like
sediwent which he calied flow titl {(Boulton, 1963). Protected from
tha atmosphorve by 2 blanknt of supraglacial materizl, wmelting of buried

stegnont oo citner frow top o bottoem or bottom te top results in

( 3

derogition of Jdebris oo melsn out £il1L (Bodltoun, 1970, 1972). Similar
prucesses of depeositisn of rill had been discussed earlier by Hartshorn
(1.558---32e belew) and Dlsen (1961) whe referred to "melt out till" as
yracial avlation £ill." Boulivn (1972) proposes that till should
bo classified according te place of deposition as: (1) supraglacial
and (2) subglacial till. He reccunizes flow till and welt out tills

as varieties cf (1), o walt out till and lodgment till as varieties
of (2). Although rocognizing ledgment till as a variety of subglacial
till, hLe feels that in Yvalbard, the proportion of lodgment till, i.e.,

3

that depositod at th. base of actively moving ice, is very small.

Unfortunately, this clissification is not readily adaptable to field

investigations of till io sreas no longer occupied by ice.
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Bartshorn (1958) has observed the fiow of superglacial
debris from higher to lower elevation on and along the stagnating
margins of the Malaspina glacier In southeastern Alaska. The re-
sulting deposit resembles till in scdiment properties. However,
deposicion is by mass movemént rather than by glacial deposition.
Hartshorn introducced the term flowtill fov such till-like sediment
which was deposiied by mass movement. TFlowtill is comwonly inter-
bedded with end caps stratified drift in Missachusetts where no other
evidegce of a glacier readvsunce can be found. A number of flowtills
wvere observed in the Belchexrtown quadrangle during the course of this
investigation. While aasily srecognized vwhere it caps or is inter--
badded with stratificd drift, as in the Belchertown quadrangle, flow-

.

tild is oftcn indistinguishable from lodgment or ablation till whon

the two arz interbedded or superp&séd. Flowtill resting on upper till

at ouve locality and possibly a second in the arca is discussed later.
Till is a complex sediment which, within broad limits, has

certain characteristic properties. Till is very poérly sorted and

includes a very wide range of grain sizes ranging from huge boulders

to fine clay. The proportion of stones in till varies, and is

genevally a function of availability in source material, resistance

to sbrasion during transport, and the total distance>of transport.

The rock types found in the pebble and larger fractions of a till are

generally from the local bedrock, but may be from as much as several

tens of miles away. Rocks, minerals or clements which are
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far travelled in drift and which can be traced to a point source are
useful as indicators of the direction of ice flow. Dremanis and Vaguers
(1971) indicate that two peaks exist in a size distribution curve for
any rock type undergoing glacial. transport: (1) the pebble or cobble
size which diminishes rapidly in a downcurrent direction, and (2) a

"rerminal grade' for the compoancut minerals after disaggregation of a

rock. Most clastes In i1l are apgular e subaungular, unless the source

material contains well rounded stones. Cloasts transported englacially

ard subglacislly tend te be boticr rounded thes those transported

supesrglacially. Clasts in till are often striated and polished, but
oniy very fine-grained macroscepiceily  honogensons, or nearly wono-—

mincralic rock types (e.s., limestone, quartzite, basaly) develop and
L4

e shape of clesus in till may

«

maintain striaticne and polish.
reflect scurce conditions as well -as glacial transport., Faceted

clasts of some rock tvpes are common in some tills, whereas, others

ds not show any preferred shape. IHolmes (19415 reports that carbonate
clasts in tills of central New Yorilc approach a pentagonal flatiron
shape as a final product of glacial processes.

The compaciness of till is variable and is at least partly a
function of grain size. Tills with a fine-grained matrix (largely silt
and clay) tend to be cowpact. Silt-rich tills frequently have a sub-
horizontal parting called fissility (Fig 4). Compactness and fissility
may be at least partly a result of the weight of overriding ice. Tills,
especially compact tills with a fine-grained matrix, may also possess

vertical joints. The combination of horizontal and vertical parting
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causes some tills to break into swall, thin flat masses known to soil
scientists as peds. Blockiness is frequently characteristic of tills,
even those which are somewhat granular and roncompact. -
Elongate particles in many tille cxhibit a preferred orientation
wihich may be either paraliel eor perpendicular to the direction of flow
of the ice vhich depeosited thew. Holmes (1941) stuldied the ovientation

of the elongete clasts of ledgment tills o central New York and found

<

1,

two principal orvientations of the long axis. The Jonp axis of most clongate
clastz 1= oricented parallel to the directicn of glacier flow; a wminor

amount sbowed the long axis perpendicular to the direction of glacier

flow. Holmes (1947) suggested that the pavallzl mode vesulted from the
shoar of overrviding glacial jce as the clasts were deposited, whereas

the transverse mode ;esul_cd from rolling of clasts before entrainument

in the till. Gieun, Donner and West (1957) found experimentally that
elongate clasts become quickly aligned parallel to the direction of

flow, wvhereas the transverse mode develops only after a long time.

Parallel and trans§erse modes were found in both englacial drift and

an end moraine of aan active ice sheet by Galloway (195€). Harrison

(1957) noted that the a-b plane of elongate clasts dipped in an upglacier
directicn. The plunge of tho a-b plane of tills is geuerally upglacier
regardless of whether the long axis is oriented parallel or transverse to
glacier flow. In supraglacial flow tills, the a-b plane may dip either up-

glacier or downglacier (Boulten, 1968), the latter being an orjentation noted
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by Lindsay (1968) for fabric in mud flows. If & sufficicnt number

of fabric measurements are taken so as to negate the effects of local
topography on ice novement, fabric can be usced as an iandicator of

he direction of glacier movemeut. Microfabwics have been measured

in thin section using clongate mineral grains (Harrison, 1957). Evenson
(1971) indicates a close correlation betweon mivrofabric and macrofabric
in sem2 tills in eastern Wisconsin. Several cursory measurcements of till
Aabrics dnn the Belchertoun quadrangle revealed no consistent pattern,

a probable consequence of the influcnce ¢f local topography on the

direetion of movemrat of glacial ice which depesited the thin till.

The color of ©ill generally reflects thie source materials

and in part is the busis for sebdivision of upper till of the Belcher-
town quadrangle into focies. The thickness and characteristics of
the weatheriug profile may serve to diétinguiﬁh several tills in an
arca as is true in Now England. Tills which are macroscopically indis-
tinguishable when {resh can often be discinguished by the marner in
which they wecthor. Apparently, weathering serves to accentuate pro-
perties which are present in the unaltered till, but which are unde-
tectable until weathered.

Till may be mapped on surficial geolegic maps as "till" or
"grcund moraine." The unit "ground moraine" should be restricted to
areas in which the till is of sufficient thickness so as to produce
a topography different than that of the underlying bedrock. Where
the deposit is thin and mantles a bedrock topography, as in the up-

lands in Belchertown quadrangle, it is best mapped as "eill." Thick

till which has been molded into streamlined topographic ridges is mapped



as drumlins, few of which are found in the area. Till in the Belcher-
tovn quadrangle is generally a vencer on badrock as shown on Plate 2
and in this area is moepped as the unit "till" on Plate 1.

Tills in the Belchoertown Quadrangle

Several tills wmay be distinguished in the Belchertown
quadirangle on the basis of texture, color, weathering characteristics,

and stone content., Two of these tills sve sparsely stouny, mud-vich

Connacticut

]

ti1ls which were only seen in and slong tha margins of th
Valley Lowland. A ""Triasssic red" till occurs in drumlins in thz Con-
necticut Vallzy Lowland and on the north slope of the Holyoke Range.
Anx clive to clive-brown till occurs on the divide inmediately adjacent
to the Cennecticut Valley Lowland in the northwestern part of the quad-
v

rangle. A noucompzcio, stouny, friable till is ubiguitous din the uplands
and haé been subdivided on the basis of color and mineralogy into three
facies.

A compact, sparsely stony, highly-weathered, fissile, clay
and silt rich till is exposed beneath a sandy till in a road cut on
Harkness Road approximately 1000 feet north of Belchertown Road. This
till is extremely compact and difficult to dig when dry. Vertical and
horizontal joints allow this till to be broken into thin plate~like
masses known as peds. Oxides of iron aud manganese impart an orangish
and purplish (respectively) color to horizontal and vertical partings.
This till is very similar in texture, weathering and compactness to

a unit called lower till in western Connecticut and described by
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Pessl and Shafer (1962). Becausc of this similarity and its stratigraphic
position beneath the sandy till, it is called lower till. Only weathered
lower till is exposed in the area, and its color is olive (5Y 5/3.5) when
dry 2nd dark grayish-browm to olive-browm (2.5Y 4/3) when damp. Trobable
lower till was exposed temporarily in twoe excavations in the northwest
covner of Delchertown. Lower till may be present beveath sandy upper
till elcevhere in the quadravgle, but no other exposures of it wAre ceen
during this inwvastigati-v., The extremely lindted number of exposuves
of this till mnke it difficult to chavacterize the typical topogranhy

which is developed on this till.

y

A nmassive, comp: ight browm to brown (7.5 YR

et , gparsc
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to derl brown te streng browa (7.5 Y2 4/5) till occurs in drumlins of

the Cennecticut Valler and or the north clepe of the Holyoke Range.

e
4

The stratigraphic position of this till, informally called drumlin till,

T

is not clear. Similarity of texture and other physical preperties suggest
that it may be o facies of Jower till derived from Triassic sedimentary

rocks and restricted to the Connecticut Valley. As sandy upper till does
not overlie it anywherc in the quadrangle, it may also be a till deposited

by the last glacier which eroded and incorporated a red lacustrine deposit

in the lowlands of the Connecticut Valley where such a deposit could have

5.5/5)

been localized. Smooth, boulder-free, modzrate slopes are the characteristic

topography formed by this till.
A sandy, noncompact, stony till is ubiquitous in the upland
areas of the Belchertown quadrangle and veneers low ridges along the

eastern part of the Cannecticut Valley. The matrix of this till is
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generally a moderate to highly silty, very fine sand with fine and
some medium sand. Mest sand grains are frosted and subangular, but
some angular and occasional rounded grains were seen, This till con-
tains leuses and thin beds of wasbed and stratifizd material. In many
places, such as aloeng Varren Wright Road, the upper part (0-18") of
this till is very low in silt and hLighly steuny suggesting peueconteam-
poraneous washing during deposition. Accumulations cf very fine sandy

silt arve comnon only o the upper surfaces of clasts in this till and

are called silt caps. Surfaces of clasts other than the top are usually
clean and often surrounded by 2 one or two grain thick rim of clean
sand, This till stratigraphically cverlies mud-rich, jointed and wea-
1L called lower till at tho Harlness Road locality and is very
similay in physical wreperties to upper till in western Counnecticut
(Passl and Shater, 1968); thus, it is called upper till. Clasts are
very commron in the upper till and range up to boulders several fecet

in diameter. Most clasts are subangular and subrounded, but some an-
gular and rounded clasts, usually of quartzites, can be found in most
outcrops. Striated and polished clasts are extremely rare, probably
because the coarse grained metamorphic rocks are not readily suited

to develop cr hold striations or poliszh during glacial transport. TFlat
faces do not occur on some clasts, but these probably rcflect joint

or foliation planes in the scurce rock and net faceting at the base

of the ice. Most clasts in the upper till are sub-spherical (compact
to compact bladed of Folk, 1268) in shape, but some approach blades
(Zingg, 1935; blade to elongate of Tolk, 1968), and, allow measure-

ment of fabric.
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Upper till is slightly blocky when damp, but genevrally dries
to a loose, granular sediment. Aggregates of upper till can usually
be quickly and casily disagoregated in the {ingers. Fissility wmay be
developed in upper till where the matrix is high in silt content (Fig 4).
In some places, the total weathering profile developed in upper till

and cverlyirg col inrn wontle exceeds three feet, but is commonly 22-28

inches deap.  Tpceilpient oxidation around clasts of mafic rock was ob-

served o many piloaces below the depih of total weathering.
Terrain underlain by uvpper till is genevally bouldary and
hummecky with varyiung slopes centvolled by the thickness of the till

and the slop: of underlying bedrock. Wheve upper till is thick and
topegraphy is that of tho till, slopes cre gentle; steep slopes in
upray Lill terraiu ave those of uvnderlying bedrock venecred thinly by

upper till. Well dore” indicate . that a streamlined hill northeast of

e

Gnld and Munsell Strzets is composcd of thick till and thus is a drumlin
(Pilate 1) composed, at least in part, of upper till. Upper till may
be only a venzer on lower i©ill in this drumlin. Pessl and Shafer (1968)
chserved that upper till does not form drumline in westérn Connecticut,
but does veneer lower till in drumlins elsevhere in New England. Al-
though the thickness of upper till varies becausc of the relief of the
irregular underlying bedreck surface, it gencrally does not exceed 10
to 15 feet, and ia many coses is no more than a veneer on underlying
bedrock topography (Plate 2).

Clasts along with color and wineral composition of the matrix
strongly retlect the local source rock such that three facies of upper

till can be mapped in the area.  Theso facies arve described below.
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Three Facies of Upper Till in the Belchertown Quadrangle

The wpland facies of upper till is a light olive gray to
olive gray to pale olive to olive (5Y 5-6/2-4) till derived {rom
granitic gneisses, quartzites, pegmatites and schists of the Pelham
Dome in the northeastern part of the area (Plate 1). The matrix of the
upland facies is a silty, fine sand and counsists of approximately 957

quartz and feldspar (two-thirds to three-fourths of which is quartz)

-

with miner amounts of rock fragments and heavy minerals At a con-
struction site along Pelhaw Road on the adjoining Shutesbury quadrangle
to the north, upper till is almost white becausc ot the very high per-
centage of quartz and the near absence of feldspar and heavy minerals
in the matrix. Color variations in the upland facies reflect minor
variations. in the mireralogy of the undexrlying source rocks.

Tiue valley facies is a brown‘to pale brown to yellowish Lrown
to light yeliowish brown (10 YR 4-6/3-5~--damp color) ﬁpper till wﬁich
occurs mostly west of the Triessic border fauit and which is derived
largely from the Triassic redbeds of the Connecticut Valley (Plate 1).
The matrix of the valley facies is composed of approximately 95% quartz
and feldspar with minor amounts of heavy minerals and rock fragments.
Forty to sixty percent of the quartz and feldspar grains of the matrix
are hemarite stained and are derived from the Triassic sediments,

It is these sand grains aand not a high proportion of arkosic mudstone
clasts which gives the till its .characteristic color. The rock types
in the valley facies are not significantly different from those of

the upland facies. Clasts in the valley facies are largely granitic
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gneisses, quartzites, and pcpmatites which wevre derived principally
from the weakly consolidated, easily weathered, Triassic arkosic
conglomerate., Beforc assimilation by overriding Pleistocene ice,
these clasts were tramsported only short distances by streams during
the Triassic pericd. They were subsequently trsnsported only short
distances by a glacier before being depesitad as part of the till,
Thus, no significant changes in shape or rounding were noted in com-
paring clasts of similar rock types from the valley and upland facies
of upper till. Very few pebbles, cobbles and boulders of arkesic con-
glomerate occur in the valley facies (no more than 2% at any one local-
ity, and usually substantially less). Selective crosion and assimilation
of crystalline claste from the Triassic arkosic conglomerate, or the
disaggregation and decomposition of the no;resistant matriz of the ar-
kosic conglomerate during glacial transport probably accounts for the
low percentage of redbed clasts in the valley facies of upper till.

In places, the percentage of mud in the matrix of the valley facies
of upper till is greater than that of the upland facies, but this pro-

bably reflects the texture and composition of local mud-rich Triassic

source rock.
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The Belchertown facics is a pale olive tu olive gray to
olive (5Y 4-5/3-4--darp colors) upper till derived from granodiorite
and associated mafic rocks of the Belchertown Intrusive Comolex. This
‘acics i1s restricted to the southern and southezstern portions of the
quadrangle (Plate 1) which are undarlain by hornblende and pyroxene
bearing granodicrite or quartz diocrite of the Belchertown Intrusive
Complex. Thc matrix of the Belchertown facies is compesed of approxi-

mately 50 to 707 quartz and feldspar, with the balance censisting of

T

haavy minerals (largely amnhibele and pyroxene) and rock fragments.
Heavy minerals ave largely coocowtraced in the 3.0 teo 5.5 phi size
range and impart the greenish hue to this facies. Clasts in this facies
tend to be slightly more angular than in other facies, and are composed
largely of {ragmenis of grancdiorite and related rock types from the
Belchertown Intrusive Complex.
Lab Work

Size analyses of the matrix of 31 till samples were performed
in the laboratory using sieve and hydrometer techniques as described
in Appendix I. Data from the analysis of each sample were plotted as
cumulative curves on probability papex. Statistical analyses were then
performed on the data using the graphic statistics of Folk (1968) and
Inman (1952). Results of statistical analyses are shown in Tables 1 and 2.
Sand/mud, sand/silt, and silt/clay ratios were calculated for each sample.

The percentage of sand, silt, and clay in cach sample were plotted on a

ternary diagram (Fig. 5).



TABLE 1
Belchertown Quadrangle Tills

30a

Safsi

Sample No.| % Sand | % Silt| Z Clay S/M Sa/si o1 si/cl
Qtu
4 81 13 6 4,18 6.23 15.67 | 2.17
6 59 31 10 1.44 1.90 3.00 | 3.1
24 75 19.5 5.5 2.95 3.85 17.18 | 3.55
50 78 17.5 4.5 3.60 4.46 21.22 | 3.89
51 76 19 5 3.12 4.00 19.00 | 3.80
53 76 18 6 3.26 4.22 15.67 | 3.00
55 56 36.5 7.5 1.29 1.53 12.33 | 4.87
58 71 20 9 2.50 3.55 10.11 | 2.20
65 49 41 10 0.97 1.20 9.00 | 4.1
69 80.5 11.5 8 4.13 7.00 11.50 | 1.44
98 69.5 19.5 11 2.28 3.56 8.09 | 1.77
X 71.3 21.5 7.2 2.91 4.04 12.89 | 3.07
(3.08 w/o
#65)
Qp i
57 74 22 4 2.84 3.36 24.00 | 5.5
60 65 27.5 7.5 1.89 2.36 12.33 | 5.00
61 84 12 4 5.16 7.00 24.00 | 3.00
84 73 20.5 6.5 2.72 3.56 14.38 | 3.15
86 66.5 22.5 11 1.99 2.96 8.09 | 2.05
104 66.5 23 10.5 2.00 2.89 . 8,52 | 2.19
110 70 20 10 2.34 3.50 9.00 | 2.00
x | 69.2 22.6 8.3 2.30 3.10 11.20 | 3.32
Qtv
62 61.5 28.5 10 1.60 2.16 9.00 | 2.85
64 74 15.5 10.5 2.83 4.77 8.52 | 2.82
70 58.5 24.5 17 1.41 2.39 4.88 | 1.44
96 62.5 23.5 14 1.67 2.66 6.14 | 1.68
106 68 23 9 2.11 2.96 10.11 | 2.56
108 74 16 10 2.86 | 4.63 9.00 | 1.60
111 78 14 8 3.59 .| 5.57 11.50 | 1.75
119 76 15.5 8.5 3.17 4.90 10.76 | 1.82
120 58 29 13 1.57 2.00 6.69 | 2.23
x | 67.8 21.1 11.1 2.31 3.56 8.01 | 2.08
Qg .
90 51 25 24 1.02 2.04 3.17 | 1.04
114 _52 31 17 1.07 1.68 4.88 | 1.82
x | 51.5 28 20.5 1.04 1.86 3.87 | 1.43
Q; ;
7 48 23 29 0.94 2.09 2.45 | 0.79
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TABLE 2

Folk Graphic Statistics
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Sample Sorting Skewness Kurtosis
No. Mode fedian cl SKI KG
Qtv
62 3.1¢ 3.8 3.22 0.32 1.15
64 2.0¢ 2.8 3.20+ 0.41+ -_
70 3.2¢ 4.1 3.80+ 0.34+ —_—
96 3.1 3.9 3.22 0.41 1.02
106 2.6 3.2 3.15 0.27+ —_—
108 2.4 3.1 3.01 0.45 1.30
111 2.3 2.7 2.73 0.38 1.61
119 2.3 2.7 2.95 0.39 1.66
120 3.2 3.8 3.66 0.38 1.28
X 3.16 0.33
Qy
60 2.7 3.37 2.82 0.40 1.14
61 2.6 2.63 1.75 0.17 1.71
84 2.6 3.20 2.68 0.38 1.38
86 2.8 3.47 3.09 0.37 1.08
104 2.9 3.47 3.12 0.37 1.35
‘ 110 2.7 3.17 3.23 0.34 1.37
x 2.78 0.34
Qtu
4 2.4¢ 2.50¢ 1.87 0.27 1.44
6 3.2¢ 3.90¢ 2.85 0.38 0.98
24 2.6 2.90 2.11 0.30 1.23
50 2.4 2.70 2.13 0.32 1.28
51 2.8 2.97 1.99 0.25 1.50
53 2.6 2.87 2.17 0.31 1.64
55 3.4 3.50 2.90 0.11 0.84
57 2.6 2.87 2.09 0.25 1.23
53 2.7 3.40 2.72 0.39 1.35
65 4,2 4.30 2.72 0.03 0.66
69 2.2 2.77 2.57 0.42 1.57
98 2.5 3.20 3.44 0.42 1.23
X 2.46 0.29
Q
£l 4.65+ 0.42
Q
td 90 445 0.37
114 3.75 0.20
o fe 14 3.62 0.17
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Grain size statistics indicate that the tills of the Belcher-
town quadrangle are poorly sorted to extremely poorly sorted, positively
skewed, and leptokurtic teo very leptokurtic (Folk, 1968). Upper till
is better sorted than lower till and drumlin till. Using the minimum
and maximum phi sizes for the 5, 16, 25, 50, 75, S84, and 95th percen-
tiles, a cumulative envelope of size distributicn in the sand and mud
fraction of rills was drawn (Figs. 6 and 7). Although there is some
overlap, the envelopes for upper till, drumlin till, and the one curve
of lowaer till are distinct.

Furtber confirmation of the field separation of tills is
indicated by position on a sand-silt-clay ternary disgram and clastic

tios (Table 1 and Fig. 5). Mean values for sand/wmud, sand/silt, and

jeL}

silt/clay ave higher for upper tills tham for either lower till or drumlin
till. Clastic ratios for drumlin till>are intermediate between upper and
lower till, but are closer to those for lower till. Clastic ratios are
clearly reflected in the ternary diagram.

he three lithologically controlled facies of upper till
while exhibiting some differences, are strikingly similar. The 27
samples of upper till define a distinct field on a sand-silt-clay
ternary diagram (Fig. 5). 7The mean skewness values for samples of
upland, valley, and Belchertown facies are very similar and are all
positively skewed. Slightly higher mean values of sand/mud and sand/
silt ratios for the upland facies suggest that the matrix of this

facies is slightly coarser. Values for inclusive graphic standard
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deviaticn suggest that the upland facies is the best sorted and the
valley facies is the poorest sorted. The mean value for silt/clay
ratio suggests that the valley facies of upper till contains a higher
percentage of clay in the matrix. The easily weathered and disaggregated
mud matrix of the Triassic arkosic conglomerate is the probable source
of this difference. Samples 64, 70, and 120 which were collected from

two to three fect above zrkosic conglomerate have higher per-

w

exposure
centages of silt and clay in the matrix and reflect proximity to local
mud-rich arkosic conglomerate.

Origin of the Till
In The Belchertown Quadrangle

With the exception of flowtill, all tills in the Belchertown
quadrangle are considered te be basal tills and probably lodgment till.
The very fihe-grained, compact, massive t;ll known as lower till pos-
sesses few, if any, of the characteristics of ablation tili as given
in the literature. ©No lemses or streaks of washed material were found
within this till. This till is, therefore, assumed to be a lodgment
till, an interpretation similar to that given to it elsewhere in New
England (Pessl and Shafer, 1968). The compact, massive "Triassic red"
till which has been shaped intc strecamlined forms and drumlins in the
Connecticut Valley Lowland is also considered as a lodgment till. Its
fine-grained, compact, massive natﬁre aleong Qith its occurrence in
streamline forms suggests deposition at the base of an ice sheet.
Upper till, as described in the literature, has been considered both
as an ablation facies of till deposited by the same ice sheet that
deposited lower till or as a lodgment till of a younger glacier. 1In

the Belchertown quadrangle, upper till is considered as a basal till
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for the follewing reasons: (1) Eresh, unweatherved upper till vests upon
deeply weathered, jointed, stained and oxidized lower till at the only
two-till locality within the quadrangle. The superposition of fresh upon
deeply weatherad matervial indicates that a significant length of time
scparated  the deposition of lower till from upper till, during which
time the lovwer till was deeply weathered; (2) a few drumlins composed

at least in part of upper

h

rt

i1l cccur in the uplands and indicate that

-
4

this material muat have been deposited at the base of an ice sheet. The
till in these drumlins ds equivalent to that cxposad alongside the drum-
lins and, thus, is considered Lazal; (3) the ovientation of these drum-

lins de also parallel to skriations on bedrock as well as orientation cof

streamline molded bedyeck ridges in the upland indicating that these

-

drumling were indeed produced by the last glacier to advance over the

area; (4) iv sevaral places, upper till rests directly on striated bedrock
surfaces; (5) the principal grain sizes in the matrix of upper till are

very fine sand and coarse silt. These sizes arc indicated as terminal
grades for quartz and feidspar by Dreimanis and Vagners (1971), thus
indicating that these matrix minerals have been comminuted to a minimum
size-—a process which must have occurred at or near the base of an ice sheet.
Triangular diagrams of basal tills from other areas underlain by quartzose,
feldspathic, ignecus and metamorphic rocks indicate a similar proportion

of sand and mud in tills from such regions (Scott, 1976). Thus, the tex-
ture of upper till is principally controlled by che nature of the detritus

supplied by souvce rocks to the glacier which deposited it.
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The action of wdter during deposition of upper till can be seen
in scveval areas of the Belchertown quadrangle, but the voluwe of the till
influenced by water during deposition is minor. Small lenses and thin beds
of silt-free sand indicate washing during the depositional preocess. Up to
18 inches of highly stony, wcll-washed, sparsely silty mateviel overlie
till in a long road cut hetween Rorth Scrcet and s contact with glacio-
fluvial deposits along ilhe cast side of Warren Wright Road. It is
supgested that this upper rind cn the till is a washed lag or ablation
denosit., A 20-foot expesure in till aleng the west side of Gulf Road
near Scarbrough Pond reveals three to four feet of noncompact, friable
gray till resting conformably on moderately compact, gray sandy, but
siltier till. After carcful observation, the writer concluded that

-

beth these materials arce part of the upper till. At th

1
w

lecality,
the upper noncompact, moré sandy naterial is considered as & possible
ablation facies of upper till, a conclusion tentatively reached by
Pessl (perscnal communication) after observation of this exposure.
During the waning stages of glaciaticn when it is suggested
that most till is deposited, the effect of bedrock relief in the uplands
exerted its influence on glacial processes. With thinning of the ice,
bedrock highs eventually became exposed as nunataks. Debris-rich, basal
ice in the lee of such nunataks may have become stagnant and either
overridden by more actively moving, cleaner ice, or have begun the pro-
cess of in situ melting. Thus, it is possible that an environment simi-

lar to that described by Boulton (1970) in which melt out tills form,
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could have existed in the waning phases of the glacial cycle in New
England., Somc of this upper till may have originated as melt out till
(Boulton, 1970, 1972) and account for some of ite properties which
are considered atypical of basal till. Although these is no conclu-
sive proof, upper till is intewproted as basal till, most of which
is probably lodgment till for the number of reasons stated above.
Flow:ills are cowmon in the area and are found both inter-
badded with and capping ice contacl stratified drift as well as resting
upon upper tilil. Locatcicus where flowtill was observed are indicated
on Plate 1, The Surficial Geslogic Map. The matrix of a few of the
silt~rich {lowtills present in the Belchertown quadrangle is vescicular,

a property that has beeu observed in other mud flow deposits.

Compariscn With Tills From
Other Areas of New England

Data from wmechanical analyses of upper and lower tills from
elsewhere in New England (Crosby, 1891; Goldthwait, 1948; Goldthwait, R. P.,
16¢8; Clebnik, 1973; Larsen,. 1972; Moss, 1943; Newton, personal com-
munication; Pessl and Shafer, 1968; Pessl, 1966; Segerstrom, 1955,
Campbell, 1975) were plotted on a ternary diagram (Fig. 8) and compared
with tills from the Belchertown area. Data from many localities were
recalculated to 100% sand and mud where the reported analyses included
granules and/or pebbles. A separate ternary diagram (Fig. 9) was con-

structed for analyses using the U. S. Bureau Soils grade scale on which
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the limiting particle diamcters for sand, sili, and clay differ slightly
from those of the Wentworth scale. Plotted means for varying numbers of
samples also cxhibit distinct fields for upper and lower tills on ternary
diagrams., The upper till field is from 55-85% sand, 11-35% silt, and
2-12% clay, with a concentration of points in the range of 69-75% sand,
20-30% silt, aud 2-12% clay. Lower tills fall in the range 44-69%
sand, 27-377 silt, and 2-2%% cldy, vith a concentration of points in
the range 52-62% sand, 21-30% silt, and 16-227% clay.

Upper and lowar tills of New ingland occupy distinct fields on
ternary diagrams that overlap and are not mutually exclusive (TFigurecs 8
and 9). The textural similarity between upper tills at widely separated
localities aud the similarity in'tcxture of lower tills over such a wide
area suggests that the obscrved textures are woie thau coincidence. The
mean composition of the matrix (sand and mud) for 128 samples of upper
till from New England is 687 sand, 25% silt, and 6% clay (Figure 8). All’
but two data points (10 and 24) for upper till on F;gure 8 are included
within the polygon defined by the mean plus two standard deviations
(i.e., the 957 confidence level). These two data points represent anal-
yses of upper till derived from fine grained clastic rocks in the
Connecticut valley. This same polygon excludes all data points for lower
till except numbers 16 and 30 which fall on its auter perimeter. The mean
matrix composition for 64 samples of lower till is 58% sand, 27% silt,
and 15% clay. The polygon defined by this mean plus two standard devi-

ations 1s not nearly as definitive in separating upper and lower till.
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Howevar, point 7 which represcents nearly 607 of the data exerts an unduly
strong bias on the statistics of louver till. While this may be repre-
sentative of the true grain size population, it 1s suspected that more
similarly performed analyses of lower till, especially from a wider range
of areas, are necessary to better define the matrix grain size population
for lower tlll. For upper till, no point on Figure 8 coustitutes more
than 15% of the szwple population and therefore the graio size population
of upper till is considered wore representative. The writer's confidence
is therefore grealer in the data for upper till because of: 1) the lack
of significant control by analyees frow any one lecalicy, 2) the propor-
ticnately lower values for standard deviation, and 3) the larger number
- 9]

of sawmples dincluded in the analysis of upper till (128 versus 64 for lower

till).

Similarly, clastic vatics (Tablg 3Y reflact the similarvity of
most upper tills and most lower tills. The sand/mud ratio of most upper
tills is greater than 1.70 {range 1.00 to 3.98, mean of 2.21), while that
for most lower tills is less than 1.5 {(range .72 to 1.63, mean of 1.09).
The areal variability in texture of till within a single till sheet may
be a function of local bedrock, source terrane, direction of glacier flow,
depositional mechanisms, or post-dcpositional modification. Deposition
as basal or lodgment till may result in a somewhat finer texture than
deposition as ablation or meit-out till. Both componcnts may be present
in a single till sheet at any locality (see Drake, 1971; Pessl, 1971;
Mulholland, 1977) as is suggested by an exposure on Gulf Road near the

Pelham Country Club. Lateral variations (facies) reflecting variations

of source, and especially local bedrock, may account for some textural



TABLE 3

CLASTIC RATIOS OF NEW ENGLAND TILLS

2a

UPPER LOWER
AUTHOR
s/ |sassi| S3EL | gy s/ safsi | 338L 1 gi0
. cl cl
Pessl and Schafer (1968)
Pomperaug Quadrangle 1.70 2.10 4,29 0.89 1.24 5.67 2.53
Waterbury Quadrangle 1.56 1.85] 15.67 5.50 fresh 0.72 0.89 8.09 4.09
ox. 1.13 1.39 10.11 4.22
Pessl (1956)
Pomfret, Coanecticut
Mashamogquet Brook 2.23 2.37 49.0 14.50 0.92 1.00 24.0 12.00
Goldthwaic, L. (1948)
New Hampshire 2.23 2.838 13.29 3.43 1.63 2.82 5.25 1.38
Newton (Persconal Communication)
W. Ossipee, New Hampshire 1.33 2.71 3.55 0.95
Larsen (1972)
Mt. Tom Quadrangle
Reddish brown 2.57 3.60 11.50 2.50
Gruyish brown 1.70 2.42 8.09 2.36
Brown 1.00 1.43 5.25 2.33
Clebnik (1975)
Willimantic, Connecticut 1.44 2.46 4.88 1.41
Cagglano (1977)
Belchertewn, Mass. Quadrangle
Qtv 2.31 3.56 8.01 2.08
Q, 2.91 | 4.40| 12.89| 3.07
th 2.30 3.10 11.20 3.32
Qtd(l) 1.06 1.80 3.87 1.37
Qtl .92 2.09 2.45 .79
Campbell (1975) .
Northfield, Mass. Quadrangle
th 3.98 4.30] 49.0 9.25
Q;w 1.10 1.31§ 12.16 5.26
th .96 1.33 6.02 2.58
th .90 1.26 5.76 2.55
Mulholland (1977)
Ware, Massachusetts Quadrangle )
Qt.u ~ loose 2.79 3.11} 37.46 8.78
Qtu - compact 2.01 2.28{ 24.64 7.51
Qtl - lower 1.16 1.64 6.52 2.47
Goldthwait, R. P. (1968)(?
Wolfeboro/Winnipesaukee Area 2.70 3.04; 32.33 8.0

(1)

Classified as lower till for comparison.

(2)011 £111 analyses on upper till (Drake, 1971), but not specifically identified as such.
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heterogenelty within a single till sheet as is indicated by various
lithic facles in the Belchertown, Mt., Tom, and Northfield quadrauagles.

Other clastic ratics similarly suggest textural variatious
within a single till. The ratio of sand and silt to clay for upper
tills is generally high (ronge 5.25 to 49.0, mean of 20.75), while that
for lower tills is much less (range 2.45 to 24.0, mean of 7.18). The
ratios of sand to silt and silt tec clay which are also shown in Table 3
overlap much more. The ratio of sand to wmud as well as the ratio of sand
and silt to clay sre generally substanticlly different. Data in Table 4
suggest that thesze two ratics for upper till are usuclly at least double
these for lower till at any one locality. This same consiztenny does
not scem to be true for the sand/silt end silt/clay ratios. Thus, the
textural variation is more than a simple reciprocal relationship of silt
and clay or sand and clav. The proportios of clay which is generally con-
siderably higher in lower tills may account for much of "the difference‘in
clastic ratios. The clay ¢ontent of upper till in the Belchertown area
generally consists of finely ground quartz in the coarse clay (8-9¢) size
range indicative of rock flour. The clay size population of lower till
probably contains finer particle sizes and a larger proportion of clay
minerals. Thus, it would seem as if analysis of the clay fraction of
upper and lower till could provide useful data that may account for many
differences in the two tills as well as provide evidence of genesis.

In compatring data from analyses of tills from different
localities, the writer assumes that similar methods of analysis were

followed. If the analytical techniques vary significantly, then the
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noted variations cor similuritics may be as much z product of different
methods of analysis as of properties of the tills. If the tills are
not properly disaggregated, ov a wet type of analysis is not performed,
then aggrepgates of finer sizes are retained orn larger opening screens
and give erroneously high results for the ccarse frictien. The writer
ceompared wet and dry sieving techniques on several control samples and
found that wet sicving docreased the sand fraction by 30-40%. Similar
results for upper and lowver tills which can be separated into distinct
fields on a ternary diagram suggest that similar methods of analysis
woare emploved and that the resnults of these different analyses are

comparable.



40.

HBypothescs to Account for the Characteristics
Of Upper and Lower Tills of New Lagland

Two texturaily distinct tills are reported from many arcas of
New Eangland (Flint, 1930, 1961; Deony, 1958; Pessl, 1968, 1970; Campbell,
1975; Judson, 1949). Since Pleistocene glacial erovsion didn't rcmove
more than a few mcters of bedrock from the New England Uplands, these
two texturally distinct tills were derived from the same bedrock terrsin
by one or more glaciers which advarced across Mew Englond.

Where till sheets of dilferent glaciations overlie one amother
in the midwestern United States, the younger tills are progressively
fiser grained than underlying oldes ills fyrom which they werc derived.

A}
The "shielding" of bedrock by older drift and the reworking of older duift
by progressively younger glaciers presumcbly accounte for this character-

istic. 1If the two tills of NWew England are the products of two distinck

laciations, then the reverse of the situation in the Midwest is

N

enceuntered; upper till is considerably coarser grained than lower till.
This is not surprising, as the relief in New England must have greatly
reduced the effect of shiclding bedrock.

Several working hypotheses are suggested as to why two texturally
distinct tills occur in any one area of New England and why each of
these two tills is so texturally consistent throughout the region.

A long interval of preglacial weathering under a similar climate
throughout New England would minimize the influence of various lithologies
on soil development and lead to the development of a very similar,

somewhat homogeneous soil. If the earliest Pleistocene glacier advanced

over a thick, mature, preglacial soil in New England, incorporation of
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such a clayey, silty loam could have led to deposition of a clayey,

silty till such as the lower till. The relative scarcity of stones

and sand in the lower till suggest chemical alteration of granular,

feldspar-rich crystalline rocks and development of a clayey, silty soil

during a long period of preglacial weathering. Thick sapiolite in the

southerr Appalachians indicates o Jengthy period of ingense chemical

weathering in that aresz and guggests that similar saprelite may have

developed in preslacial time in areas widch were subscguently glaciated.
saprolite ir the southcastern Adivondack region of New York is described

by Muller (1965). Till estending duowm into seams in deeply weathersd

ronk (w2athered tec 10 to 15 feet) in New Hampshire suggests a lengthy

ariod of preglacial weathering (Goidihwait and Kruger, 1938). Quartz/

<

-
.
5

feldspar ratios frow lower till din Willimantic, Conuccticut (Clebnik

till from the snma

LA.

in preparatioun) are highér than those fog upper
area. The lower feldspar content in lower till may be the result
of chemical alteration of the feldspar in a lengthy period of preglacial
weathering. Thick, kaolin-rich preglacial soil in Hampshire County
(Emerson, 1898) and a possible preglacial soil in the Knights Pond basin
suggest that such scils may have beon widespread in the uplands in preglacial
time. Only remnants of this once-continuous regolith are now preserved
because of favorable location. The relative homogeneity of lower till in
New England suggests that such a thick saprolite may have been incorporated
into an early Pleistocene glacier which passed over New England and deposited
the lower till.

The texture and composition of upper till corrvclate much more

closely with the bedrock which it overlies. Thrve facies of lithologically



42.

controlled upper till in central Massachusetts have been mapped in the
nearby Mt. Tom and Northfield quadrangles (Larsen, 1972; Campbell, 1975)
and the Belchertown quadrangle indicating that the last glacier which
deposited this till eithér (1) had direct centact with local bedrock,
or (2) incorporated a thin, quartzo-feldspathic regolith produced prin-
cipally by physical weathering. Sand and coarcse silt represent the ter-
minal product of mechanical disintegration of granular rocks, whereas
clay is the ultimate product of chemical decompesition of unstable min-
erals in soils (Folk, 1968). In situ, largely mechanical disintegraticn
of generally coarse-grained, granular cyrstalline bedrock such as ozcurs
in the New England Upland will produce a clay-poor quartzo-feldspathic
regolith., Given sufficient time and apprepriate climatic and chemical
envivenment, feldspars will alcer to clay. Assimilation of granular
quartzo-feldspathic regolich along with mcchanical abrasionm during gla-
cial transport may explain the large proﬁortion of fine sand and coarse
silt in the matrix of upper till. Dreimanis and Vagners {1971) repcrt
that quartz and feldspar have a "termiral grade" in the fine sand and
coarse silt sizes as 2 result of attrition during glacial transport.
Three éacies of upper till in the Belchertown quadrangle and
‘Larsen's (1972) three facies of upper till derived from the East Berlin
Formation, the Holyocke diabase and the Portland Arkose in the Mt. Tom
quadrangle support the hypothesis that the lithologic composition of
upper till is controlled by the local bedrock. Since the source rock

for most upper tills is coarse-grained crystalline or sedimentary rocks,



43.

it is not surprising that most upper tills fall within a restricted
range on a ternary diagram of sand-silt-clay. However, upper tills
derived from fine-grained rocks will fall slightly outside this field,
as shown by till resting above mud-rich Sugarloaf arkosc in the Belchertown
quadrangle and till derived from the mud-rich Ezst Berlin formation in
the Mt. Tom quadrangle., X-ray analysis of the clay sized fraction
indicates that this fraction of upper till from New Hampshire (Drake,
1971) and the 8 and 9 ¢ fraction from the Belchartown area is largely
quartz and feldspar--rock flour rather than clay minerals. This also
supports the hypothesis of mechanical disintegration and abrasion

of phaneritic granitic gneisses for the textural control of upper till.

The restricted fange of grain sizes in the matrix of vpper
till may reflect a scurce in stratified dfift deposited during an earlier
glaciation. The scarcity of mud in upper till may have resulted from
the selective removal of this fraction during earlier fluvial transport.
The number of subrounded to rounded clasts in upper till in the Belchertown
area could have resulted from incorporation of stones which had been
rounded during earlier fluvial transport during either Pleistoceng or
Triassic time.

Two texturally distinct superposed tills at any one locality
in New England have been interpreted as the product of one glaciatiom.
Denny (1958), follcwing Upham (1878), interp?eted two texturally distinct
superposed tills from the Canaan, New Hampshire area as lodgment and
ablation deposits of a single glacier. Number and angularity of clasts,
scarcity of striated clasts, poorly developed stratification, lenses of

bedded sand, and concentration of boulders on the surface led Denny to
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interpret the loose, sandy upper till at this locality as an ablation
facies. This coarse, gravelly till was never found directly above
bedrock, and was always stratigraphically superposed on a compact,
fissile, sparsely stony till which Denny called the subglacial or
lodgment facies. Denny's descriptions and illustrations suggest the
possibility that some of his ablation till may be a flowtill and,
therefore, derived from superglacial debris. Drake (1971) “washed"
some of his "hard" till in a rotating drum and produced a grain size
distribution closely paralleling that of his '"scft'" till. Texture,
fabric, clast shape and structure were used to interpret the "soft
till" and the "hard till" as ablation, and lodgment tills, respectively.
Pessl, Shafer and Koteff have interpreted Drake's two tills as lodgment
and ablation facies of upper till similar“to those in Conmecticut.

Lenses of sorted and stratified sand in the upper till in
the Belchertown area and in western Connecticut, and poorly developed
stratification with included bedding in the upper till in the Canaan,
New Hampshire area attest to the role of water in the deposition of
the youngest till at each locality. The distinction between ablation
till and till which has been at least partly influenced by melt water
during or before final deposition is not clear. Deposition of till late
in the glacial cycle (Goldthwait,'l97l) and largely from melting stagnant
ice (Boulton, 1972) may account for the similarity between these two
glacigenic sediments.

Assuming that most "upper tills" in New England are correlative,

as the ternary diagrams of Figs. 5, 8 and 9 suggest, the textural similarity
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reflects grcater control than by random winnowing during deglaciation.
The control of texture and composition by local bedrock indicates that
the ice was in contact with bedrock and that the textural control is
due largely to source materials and glacial processes.

Pessl and Shafer (1968) interpreted the loose, stony, friable,
sandy upper till and the highly weathered, jointed, fissile, compact,
sparsely stony lower till of western Connacticut as deposits of two
distinct glaciations. Differences in fabric, depth of weathering and
structure, truncation of lower till structures at the upper till con-
tact, inclusions of lower till in the base of upper till, and the sharp
contact of the two tills led them to this interpretation. They suggest
that the upper tills may be Woodfordian and the lower till Altonian in
age. ‘

In the Eelchertown quadrangle, upper till rests on bedrock
(in places striated) and at one locality is found superposed on lower
till. At the Harkness Road locality, fresh upper till rests on deeply
weathered lower till. This evidence supports Pessl and Shafer's (1968)
interpretation of upper and lower tills as deposits of separate
glaciations.

Pessl and Shafer (1968) hypothesize that upper till may consist
of' subglacial and superglacial facies. Pessl (1971) recognized three
units in a thick section of upper till at his Bakersville Brook locality.

The uppermost unit he interpreted as an ablation facies; the basal unit
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he called the lodgment facies; and the middle uait he interpreted as a
subglacial facies analogous with the subglacial ablation till of Elson
(1961). The middle unit might also be called a welt out till (Boulton,
1970). Drake (1971) studied many characteristics of "soft" and "hard"
tills in east central New Hampshire and concluded that they represented
lodgment and ablation till. Subsequent field observaticn by Shafer,

"soft" and

Pessl, Kotef, and Hartshorn led them to interpret Drake's
"hard" tills as ablaticn and lodgment facies of upper till. Two to
three fcet of friable, loose, stony gray till grade down to six to
eight feet of more compact, massive, more sparsely stony gray till in
an exposure along Gulf Road nesr the Pelham Country Club. Pessl
(personal communication) observed this exposure and agreed with the
writer that a lodgment and ablation facies of upper‘till may be exposed
at the Gulf Road locality. Thus, the interpretation of the origin of
textural variations in tills at any one locality becomes difficult,

and this difficulty is compounded when comparing and interpreting

tills from different localities.

The writer suggests that it may be time to restrict the use of
the terms upper and lower till except as field terms in any one locality.
Through usage, these two terms have come to imply an unestablished
regional stratigraphic correlation and synthesis which only continued
detailed mapping can confirm. Thus, the younger of two tills in many
localities in New England may not be the same unit. Perhaps it is time

to adopt the procedure used successfully in the Midwest where tills are
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thoroughly described and given formation names. Although problems of
correlation are then'introduced, this procedure will require that more
detailed analyses and careful comparison of tills from area to area be
employed. Local bedrock controlled variations in extensive, contempor-
aneous units can then be recognized such that correlative tills may be
recognized and the problems of synthesis and interpretation of Pleisto-
cene glaciation in New England may be clarified. Such a procedure should
be helpful in determining whether thick till at any locality is the pro-
duct of depositional processes, or whether some of the observed strati-

graphy may have resulted from "stacking" of till (Moram, 1971).

Age of the Tills

The age of tills in New England is controversial. If "upper"
and "lower" tills from many localities are equivalent, then upper till
is latest Wisconsin; i.e., Woodfordian (Frye and Willman, 1963). Pro-
ponents of the single glaciation hypothesis would interpret lower till
as the basal, lodgment facies of the Woodfordian glacier. The writer
agrees with Pessl and Shafer (1968) and Pessl and Koteff (1970) that
upper and lower till are the products of two separate glaciations, and,
for lack of definitive evidence, supports their contention that they are
Altonian and Woodfordian in age. Caldwell (1959) obtained a date of
greater than 38,000 years B.P. from an organic zone between two tills
at New Sharon, Maine. A subsequent date and analysis of wood from
that site (Borns and Calkin, 1970) indicates that a glacier overrode

a green tree more than 52,000 years ago B.P. Thus, at New Sharon, Maine,
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the exposed lower till is no younger than Altonian. Borns and Calkin
(1970) report two tills of probable Wisconsinan age at several localities
in northwestern Maine, and interpret thesez as lodgment deposits of at
least two glaciations. Shilts (1970) describes three tills in south-
castern Quebec which are separated by stratified drift containing datable
material. Radiocarbon dates indicate a late Wisconsinan age for Lennox-
ville till, an Early to Middle Wiscousinan age for Chaudier till, and

an earliest Wisconsinan age for Johnville till.

If lower till has been derived from a preglacial saprolite,
then the glacier which deposited lower 'till was either the first
Pleistocene glacier to advance across New England, or a glacier which
assimjlated and deposited an earlier drift derived from the preglacial
saprolitc. No exposures are known from Néw England where three, super-
posed, distinct tills are sepagated by deposits indicating that a 1ehgthy,
warm climate intervened between deposition of each till. The two gla-
ciation hypothesis is thus favored. If lower till is Altonian in age,

- either the record of earlier Pleistocene glaciation in New England has
been effaced, or, in contrast to the midwestern United States, New England
was not glaciated prior to the Wisconsinan stage. Warren's (1971) evi-
dence for an lllinoian age of lower till is equivocal. The writer sug-
gests that Kaye's (1964b) interpretation of the age of drifts on Martha's
Vineyard needs further study. Faulting and the absence of the required
number of deeply weathered horizons suggest that marginal oscillations

of two Wisconsinan glaciers could have produced the observed features

and deposits. The failure to find unequivocal pre-Wisconsinan drift

in New England supports this hypothesis.
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Since upper till of the Belchertown quadraangle is correlative
with upper till of Connecticut (Pessl and Shafer, 1968; Pessl, 1971) and
New Hampshire (Pessl and Koteff, 1970), its age is considcred as latest
Wisconsinan and probably Woodfordian. Lower till which is tentatively
correlated with lower till elsewhere in New England is thus earlier Wis-—
consinan, and probably Altonian. There is no evidence in the Belchertown
quadrangle to support an Illinoian or older age for these tills.

Drumlin till in the Belchertown quadrangle is of uncertain
age but is most likely Wisconsinan. Texturally, drumlin till resembles
lower till more than upper till. Drumlin till is massive and lacks the
fissility, jointing aund parting of lower till. Its color is such as to
overwhelm any stéining by oxides of iron and manganese as is common in up-
land lower till. The texture and stone content of drumlin till suggest that
this till is a facies of lower till derived from redbeds of the Connecticut
Valley. Alternatively, drumlin till may be latest Wisconsinan, deposited
by a glacier which incorporated red glaciolacustrine sediments from an earlier
glaciation that were ultimately derived from the mud-rich Triassic rocks.
Occurrence of this till in lowlands of the Connecticut Valley in a topographic
setting where red, lacustrine sediments might have been deposited supports this
hypothesis. Nowhere was upper till found to overlie drumlin till, thus sup—
porting a latest Wisconsinan or Woodfordian age. The northwest orientation of
the long axes of drumlins composed of this till agrees with the orientation of
streamline ridges and striae suggesting deposition by the youngest or

Woodfordian glacier.
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STRATIFIED DRIFT

Sediment deposited in flowing or standing water derived from
melting glacial ice is called stratified drift. Generally sorted and
stratified sand and gravel deposited by melt water streams is called
glaciofluvial stratified drift. Generally well sorted and stratified
and coften laminated fine saud, silt and clay deposited in standing
water of lakes and ponds fed by melting ice or melt water streams is
calied glaciolacustrine stratiiied drift. Glaciofluvial and glacio-
lacustrine stratified drift can be grouped into two broad genetic types
distinguished on the zbundance of stagnant or detached ice in the
envivonment in which each is deposited. Proglacial stratified drift is
deposited in streams and lakes beyond the margin of a glacier but derives
its sediment from a unelting glacier. P;oélacial stratified drift grades
into sediment which is deposited on or against decaying jce and which is
called ice contact stratified drift. 'While proglacial and ice contact
stratified drift are deposited largely during deglaciation, the latter
indicates that downwasting as well as backwasting were significant ablation
processes. Stagnant ice may form: (1) one valley wall against which strati-
fied drift is deposited, (2) a superglacial basin receiving water or mass
transported detritus, or (3) the walls of a narrow linear valley within
or bcuneath ice in which sand and gravel are deposited. Much of the
topography in and along the lowlands of the éelchertown quadrangle is
composed of proglacial and ice contact stratified drift that can be

further classified on the basis of the landform in which it occurs.
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Characteristics of Stratified Drift
The nature of retreat of a glacier can in part be interpreted

by the character of the stratified drifr which records the deglacial
process., The location, nature, and extent of the melting ice margin is
recorded by the landforms and sediments indicative of the sedimentary
environments vhich existed at the time of deglaciation. Whether.stratified
drift was deposited in lakes or stresms near a retreating active or stag-
nant glacial marzin or well beyond the margin, can often be interpreted
from the remaining landforms and sedimants. The devositicnal processes
in lakes and streams which are in contact with icc or well beyoud are
very similor, but the distinction between these two enviromments is
based on landform and the character of the sediments and post-depositional
changes induced by melting ice. ‘

| Glacioflﬁvial stratified drift, whether ice contact or pro-
glacial, exhibits many similarities in sedimentary characteristics.
These sediments are deposited in simiiar sedimentary environments which
consist of a broad apron of braided melt water streams either adjacent
to or down valley from a melting glacier. Thus, the sedimentary
characteristics of the sediments deposited on these broad alluvial fans
are similar., At their proximal ends, these fans generally consist of
very coarse cobble and boulder graval with a minor amount of sand as
matrix (McDonald and Banerjee, 1971; Bradley, et al, 1972; Boothroyd,
1972). 1large subangular to subrounded clasts oriented with their long

axes normal to the direction of current flow and with a-b planes dipping
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upcurrent, are characteristic of the upper outwash fan of the Scott
glacier in southeastern Alaska (Boothroyd, 1972). Moving down fan, the
slopes, clast size, and percentage of clasts in the Scott outwash
decreases. Gravel is deposited under upper flow regime conditions in
both channels and on interchannel longitudinal bars in upper fan arecs,
but is concentratad on bar surfaces in midfan areas where shallow
depth of water produces upper flow regime gonditions. The percentage
of sand increases in outwash down fan where it occurs as plane bedded
or planar cross-bedded, sorted sand in transverse bars. Several facies
of braided glaciofluvial deposits can be seen in Fig 10, a cross-
section through typical sediment of a kame terrace in the Belchertown
guadrangle. A similar progression from poorly sorted cobble gravel to
well sorted and plgnar cross-bedded sand several miles downcurrent can
be seen in the Belchertown quadrangle from the.head of outwash north of
Lake Holland downcurrent in the direction of Forge Pond. The slope of
this outwash fan decrecases in a manner similar to that described by
Boothroyd (1972), Gustavson (1972), Bradley, et al (1972) and McDonald and
Banerjee (1971). The percentage of sand and gravel and the sedimentary
structures in glaciofluvial stratified drift vary depending upon the
characteristics of the environment of deposition.

The distinction between proglacial and ice contact glacio-
fluvial sediments is based on modification of the original sedimentary

characteristics by the melting of detached or stagnant ice masses beneath,
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adjacent to, or within the sediments. Stagnant ice which formed one
wall of a valley in which glacioflucial sediments were deposited may
be reflected as a scarp at the edge of a kame terrace similar to many
seen in the area. This scarp may be modified by postglacial mass move-
ment. The upper surface of a2 kame terrace commonly contains kettles
such as those that are seen 6/10 of a mile southeast of Dwight aleng
Route 9. Exposures in ice contact stratified drift often reveal non-
tectonic structures which have resulted from melting out of confining or
supparting masses of glacial ice, Flowtill interbedded with or capping
such masses of ice contact stratified drift is comeon and indicates the
presence of a nearby mass of stagnant ice from which debris flowed.
In summary, proglacial glaciofluvial sediments can hbe distinguished
from ice contact glaciofluvial deposits on the §asis of: (1) a ter-
race scarp, (2) abundance of kettles, (3) internal structures pro-
duced by the collapse of metling of confining ice, and (4) flowtill.
The nature of glaciolacustrine stratified drift is a functicn
of the available energy in the envircnment of deposition. The ertrance
of a melt water stream into a lake is marked by a significant reduction
in energy and depositién of coarse sand and gravel in the form of a delta.
Glaciolacustrine deltas consist of two elements: (1) sand and gravel
deposited by melt water streams as an extension of the fluvial plain
and which are known as topset beds (or delta plain), and (2) steeply

dipping beds formed by the avalanching of sand down the edge of the
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delta toward the lake bottom. The latter beds are known as the foreset
beds (prodelta slope). Shoreward deposits (Jahns and Willard, 1942)
include sand and gravel deposited on beaches and as spits, bars, deltas,
and bottom sediment in shallow water. Several relict Pleistocene deltas
which are shown on Plate 1 record the levels of lakes dammed by melting
glacial ice during deglaciation.

Rhythmic laminated couplets of silt and clay which are déposited
in low energy, deep waters of glacial lakes are known as rhythmites and
have been interpreted as annual deposits or varves (Emerson, 1898; deGeer,
1912). Ashley (1972) and Gustavson (1972) have shown that the silt and
fine sand of rhythmites are deposited from the traction and suspended
loads of density underflows during the melting or summer season. The
clay unit in a varve is deposited from sus;ension during the season of
greatly reduced inflow of sediment or winter. A tﬁrbidity current.
origin for glaciolacustrine varves was earlier proposed by Emerson (1898),
deGeer (1912) and Kuenen (1951). Ashley (1972) confirmed the turbidite
origin for glaciolacustrine varves in glacial Lake Hitchcock and classi-
fied varves into three groups based on the relative thickness of silt and
clgy units. Varves of group 1 have clay thickness greater than silt
thickness; those of group 2 have clay thickness approximately equal to
that of silt thickness; and thosé of group 3 have a clay thickness léss
than silt thickness. The silt (summer) unit of group 3 varves was found
to consist of several graded laminae whereas the clay (winter) units
are graded continuously from bottom to top. She further.showe& that the
distribution of group 1, 2 and 3 varves is a function of distance from a

source of inflowing detritus. Group 3 varves occur near large deltas
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where underflows during the melt season contribute a significant amount
of silt and fine sand to the lake bottom. Group 1 varves are deposited
in low energy lacustrine environments very far from the mouth of glacial
melt water streams where little silt is received. Gustavson (1972) and
Ashley (1972) have shown that the proportion of silt and sand to clay
greatly increases from distal varves to proximal varves as a reflection
of proximity to sediment source. Cyclic sequences of bedforms composed of
graded sand and silt on the prodelta slope grade into proximal varves on the
lake bottom and represent cyclic current deposition, perhaps on an annual
cycle (Gustavson, et al, 1975). .Group 2 and 3 varves occur in the Lawrence
Swamp basin and were deposited in late Wisconsinan glacial Lake Hitchcock.

Yroglacial glaciolacustrine deposits may be distinguished from
ice rontact glaciolacustrine deposits by Ehe same criteria used for the
distinction of préglacial and iée contact glaciofluvial sediment. - The
only exception is that a terrace scarp which is common at the edges of
ice contact terraces of glaciofluvial stratified drift is not ébmmonly
cbserved along the margins of ice contact glaciolacustrine deposits
except for deltas deposited in contact with melting glacial ice. Most
ice contact glaciolacustrine stratified drift in the Belchertown quad-
rangle consists of deltas in which collapse structures are present.
Collapsed, laminated, glaciolacustrine sand gnd silt with some inter-
bedded flowtill occurs in a few localities,

Several feet of well sorted, fine and medium sand which overlie
the varves in the Lawrence Swamp basin were deposited in the shallow

water of a short~lived, late-glacial lake, Lake Lawrence.



56.

Isolated, small deposits of lsminated silt and clay with some
fine sand which are several feet thick are interbedded with glacio-
fluvial sand and gravel at several localities in the Belchertown quédrangle.
These sediments were deposited in local, isolated kettle ponds in environ-
ments where glaciofluvial sedimentation was dominant.

Since glaciofluvial icg contact stratified drift is deposited
in many environments on, in, under or against stagnant glacial ice, it
is further classified as to the landform in which it occurs. The landform
often reveals the character of the environment and the proximity to an ice
margin in which the glaciofluvial ice contact stratified drift was deposited.
Landforms composed of ice contact glaciofluvial stratified drift in the
area include channel fillings, kame terraces, and kame deltas.

Landforms Compose&'of
- Glaciofluvial Ice Contact Stratified Drift

Ice Channel Fillings

- Ice channel fillings are linear ridges of sand and gravel
deposited in melt water streams confined by stagnant ice. Eskers are
a generally curvilinear type of ice channel filling deposited in ice-
walled tunnels by subglacial ér englacial streams. Crevasse fillings
are linear ridges of sand and gravel deposited in large fractures (or
crevasses) open to the sky. All linear ridges of sand and gravel in
the Belchertown Quadrangle are mapped as channél fillings becuase it
was not possible to determine whether they were deposited in confined
tunnels in or under the ice, or in fractures open to the sky (Jahms,

1953). Longitudinal exposures in ice channel fillings reveal the typical
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sedimentary structures of glaciofluvial deposits discussed earlier,
sometimes with collapse present. Cross-sections often reveal a pseudo-
anticlinal bedding produced by normal faulting and collapse of marginal
sediments formerly in contact with ice.

The valleys of Jabish and Broad Brooks contain several ice
channel fillings (Plate 1) which indicate the crevassed and "porous"
nature of stagnant ice during deglaciation. Very coarse cobble and
boulder gravel is exposed in a roadcut in a steep sided ridge at the
intersection of Jenson and Johnson Streets. This arcuate ridge has an
uneven, hummécky crestline which is due in part to collapse. Deposition
of the gravel between confining walls of ice occurred before the surround-
ing finer textured sand and gravel was depgsited at lower elevation.

The sinuous, linear, hummocky ridges along the western
edge of the valley of Broad Brook between Turkey Hill and Springfield
Roadsare composed of ice contact stratified drift. The topography
indicates that sedimentation began in a channel confined by walls of
stagnant ice. An ice éhannel filling one~half mile farther southeast
continues this alignment at an elevation which suggests synchronous
deposition along a downstream straetch of this same melt water stream.
With westward melting of stagnant ice, glaciofluvial sediments were
deposited between the ridge and the valley wall and up to the level of
the crest of the channel filling. Thus, the landform was probably
initiated as a channel filling which subsequent deposition changed to a

kame terrace. Alternatively, the irregular edge of the kame terrace
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could have resulted from deposition of sediment on and into a highly
embayed, irregular mass of stagnant ice. In either case, a mass of

stagnant glacial ice controlled melt water drainage in the valley of
Broad Brook.

Exposures in a ridge of coarse cobble gravel in a borrow pit
near the Belchertown village water supply pumphouse indicate collapse
of the sediment in contact with melting glacial ice. The attitude of
bedding changes from horizontal to nearly vertical in a width of 10 feet
as shown on Fig 1ll.

The southeast-trending ice channel filling 0.2 miles west of
Routes 202 and 21 was deposited in a tunnel beneath stagnant ice as
an esker. The edge of the ice beneath whjch the stream flowed is shown
by an ice contact slope just south of fhis ridge at the northern end of
~a kettled and boulder strewn outwash plain. Route 202 runs approximately
parallel with and a few hundred feet south of this ice contact slope.

The ice channel filling 300 feet north of.Jabish Brook and
Aldrich Street was deposited into 2 limear opening (possibly an enlarged
crevasse) in stagnant ice which lay in that valley.

The channel fillings near Knights Pond (Plate 1) and the
coarse glaciofluvial sandy pebble gravel in this basin indicate that
this depression was occupied by stagnant ice onto and beneath which
stratified drift was deposited. Although no bedding was exposed in

the north-trending channel filling, surface boulders at the south
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end and a progression from coarse sand and gravel at the south end to
fine sand at the northern end indicate northward drainage of the melt
water stream that deposited this sediment. Alden (1924), following
Emerson (1898), interpreted this basin fill as lacustrine sand deposited
while ice was still present in this upland basin.

Other ice channel fillings occur in the valley of Jabish Brook
between Route 21 and Allen Street, 0.2 miles west of Hamilton Street,
and northwest of Scarboro Pond.

Kame Terraces

Terraces composed of stratified drift which was deposited
between a valley wall and a2 mass of stagnant ice are called kame
terraces (see Flint, 1971). These generally flat-topped masses of
sand and gravel were deposited by streams ;lowing in temporary valleys
between the receding glacier and a rock wall. The presence of ice du?ing
deposition is indicated by kettles, included flowtill, collapse structures,
and ice contact slopes on the valley margins. Streams which deposited
these sediments were graded to baselevels controlled largely by stagnant
ice and which were higher than the present ones.

Many kame terraces in the Belchertowm quadrangle (Plate 1)
terminate in deltas indicating that the melt water streams which
deposited the sediments were graded to standing bodies of water.

Figure 12 illustrates such an enviromment of deposition where an ice

marginal stream is building a modern delta as it enters Lituya Bay

adjacent to the Crillon glacier in southeastern Alaska. Recession of
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this glacier will leave a terrace of sand and gravel terminating in a
delta much like those in the Belchertown area. The elevation of the
contact between the topset beds (glaciofluvial delta plain) and the
foreset beds (lacustrine prodelta slope) indicates the approximate
elevation of the lake into which such a melt water stream flowed.

Deltas accur at the ends of kame terraces: (1) on Barton Street near
Route 202, (2) on Gulf Road near Dwight Cemetery, (3) about 100C feet
east of the intersection of Allen Street and Route 202, (4) on Warren
Wright Road between North Street and the Central Vermont railroad

tracks, and (5) on Wilson Street west of the hamlet of Dwight. A complex
of deltas, actually many delta lobes, occurs along the western edge of
the kame terrace which borders the Connecticut Valley Lowland north of
Station Road. With recession of the ice ;orthward, the point of entry

of these melt water streams into standing water slowly shifted farther
and farther north. Each major point of discharge of melt water into

this ice margin is now the axis of a lobe of a delt;. Thus, a succession
of progressively younger..delta lobes was built into a northward expanding
lake whose margin was controlled by ice. Many of the melt water streams
thch deposited kame terraces in the Belchertown quadrangle drained
southward out of the quadrangle and were tributaries of the Chicopee River
at the end of which is a very large delta. Westover Air Force Base.

is located on the delta plain of this delta in Lake Hitchcock.
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Where deglaciation is largely by stagnation zone retreat,
kame tervaces can be used to interpret a relative history of ice
thinning and retreat. Following Jahns (1253), a chronology of melt
water drainage can be deduced by interpreting decreasing elevations of
successive kame terraces and/or changes of cutlets as indications of
progrossive thinning and melting of stagnaut ice in lowland areas.
Such a chronology of melt water drainage is given later in this report.

The ice contact glaciofluvial sediments in the kame terraces
are sand and gravel, with minor amounts of interbedded silt and clay
and some flowtill. The gravel is very poorly stratified pebble and
cobble gravel usually in a matrix of fine to medium sand typical of
interchannel longitudinal bars ' in a braided stream. Clasts are
generally subrounded to rounded, sub-sphefical to bladed (Zingg, 1935).
Elongate stones are imbricate with $~b pianes dipping upstream and with
long axes normal to current direction. Plane bedded and planar cross
bedded sand is commonly interbedded in these deposits and is typical
for braided stream deposits (Fig. 10). Interbeddgd sands are much
better sorted, and are commonly in the range of fine to medium sand.
Most kame terrace deposits contain a sufficient amount of fipe sand
and silt so as to be classified as well graded (Unified Soil Classi-
fication--see Plate 1). Cut and £fill, and some collapse structures
occur in these ice contact deposits. Locally, lenses of laminated

fine sand and silt with some clay represent kettle pond fillings.
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Flowtill

Flowtill is present in several areas in the Belchertowm
quadrangle (Plate 1), but no distinct characteristic landforms are
attributable solely to flowtill. Flowtill.commonly occurs as lenses
or beds of poorly sorted, till-like sediment which is either inter-
bedded wich or caps stratified drift. Thick accumulations of super-
glacial debris which have flowed inro low spots on stagnant ice may
form characteristic topographic forms upon melting of the underlying
ice (Gravenor and Kupsch, 1959). While no such landforms are recog-
nized in the Belchertown quadrangle, the flat topped character of
two ridges in the area are attributed to a capping layer of flowtill.
One of these is a flat-topped ridge at 460 feet elevation which occurs
on the east side of the Central Vermont Raiiroad tracks approximately
0.4 mile north of the Jackson Street crossing. Triassic ''red" extremely
compact, sparsely stony, vesicular clayeyv silt overlies upper till. As
this deposit occurs in a terrain of crystalline bedrock, this material
must Lave flowed from a mass of nearby stagnant ice aﬁd could not be a
colluvial deposit from adjacent soil or rock. There is no'drift of this
character immediately adjacent to this flat-topped ridge. The second
ridge ocrurs on. the south 'side of U. S. Route 202 approximately 0.2 mile
west of Barton Street. A somevwhat streamlined, oval shaped, nearly
flat-topped ridge with a crest elevation of 410 feet is capped by till
of a peculiar character. Several holes dug in this material indicate
that it is a gray sandy till with interbedded laminae. of silt and fine

sand. It is suggested that during deglaciation of this immediate area,
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the top of this streamlined ridge became ice free and was surrounded

by slightly higher stagnant ice. Highly fluid supefglacial debris flowed
into this low and came to rest as a nearly flat surface which now forms
the top of this ridge.

These two occurrences suggest: (1) flowtill may add the fin-
ishing touches to a topographic form of other origin, and (2) flowtill
where it is distinct from the local till and clearly not derived from
local material can be recognized where it overlies till.

Deltas

Deltas form at the confluence of a stream and a standing body
of Qater and generally have a distinctive, nearly flat-topped triangular
plan. Most deltas in the Belchertown quadrangle occur at the downstream
ends ofikame terraces and mark the point of discharge of melt water
streams into proglacial lakes as discussed above. Deltas built onto
or against glacial ice and which later partially collapse are called
kame deltaé. Most of the deltas in the Belchertown quadrangle were built
at least in part against ice, but few collapse structures were observed——

partly because of a lack of good exposures. Deltas with kettles in the
delta plain indicate the presence of ice in the immediate vicinity during
deposition. Such deltas occur near Dwight Cemetery and west of the intér-
section of Harkness and Belchertown Roads in Aﬁherst. These deltas were

initially deposited in contact with ice, but lost contact with ice during

the expansion of lakes into which they were deposited.
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The delta on Wilson Street, and the several delta lobes north
of Station Road were built into Lake Hitchcock, a large, late-glacial
lake in the Connecticut Valley which was dammed by drift at Rocky Hill,
Connecticut.

The Warren Wright Road and Wilson Street deltas display the
characteristic landform for which these deposits are named.

Head of Outwash

A morphologically distinctive mass of stratified drift formed
by deposition in contact with ice and which grades into valley train
deposits is called a head of outwash (Flint, 1971). Swell and swale
topography of moderate relief often with an ice contact proximal slope
and numerous kettles are characteristic of such a deposit. The collapsed
and highly kettled valley plug at an altituée of 350 feet north of

Lake Holland is a head of outwash.

Landforms Composed of Proglacial
Glaciofluvial Stratified Drift

Valley Train

Stratified drift which fills a valley froﬁ wall to wall and
which is deposited by melt water streams discharging from a glacier
upvalley is called valley train. It is transitional upvalley into a
head of outwash. From a head of outwash north of Lake Holland, melt
water streams drained south and thence southweét along the present
valley of Bachelor Brook depositing sand and gravel which now forms

extensive valley train deposits. These deposits range from collapsed,
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coarse pebble gravel with interbedded, collapsed, lacustrine silt, sand
and flowtill near the ice contact to well sorted sand with minor amounts
of interbedded gravel several miles downstream near Granby High School.
The gradation in slope, texture, and depositional environments of a fan
of glaciofluvial deposits is discussed earlier. Lake Holland along with
Arcadia and Metacomet Lakes are kettle ponds in this valley train formed
by collapse of sediment into positions formerly occupied by detached
nasses of stagnant ice. A series of smaller kettles occur near

St. Hyacinths Seminary and College in Granby.

Landforms Composed of
Glaciolacustrine Stratified Drift

Landforms composed of glaciolacustrine stratified drift are
controlled by the texture of the deposits.aﬁd include deltas, beaches,
spits and bars, and lake plain. Deltas are triangular shaped, generally
flat-topped deposits of sand and gravel with a fairly steep edge that
approximately corresponds with the foreset beds or prodelta siope. The
sedimentology and location of glaciclacustrine deltas was discussed earlier.
Spits and bars are generally elongate ridges composed of moderate to well
sorted sand that was deposited by the action of shallow currents and waves.
Beéches are gently sloping benches that may be both erosional and depo-
sitional in origin. Waves in shallow water may erode a notch in head-
lands while building a gently sloping, moderatély well sorted deposit
of sand and/or gravel in embayments. The texture of beach deposits is
a function of available sediment supply and energy generated by waves

and currents in shallow water. The embayment of Lake Hitchcock which
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was present in the Belchertown quadrangle in latest Wisconsinan time
was a sedimentary environment of low energy. The shoreline of this
lake is recorded by poorly developed erosional notches in the topography.
Other than deltas, no beach sediments are clearly recognizable in the
area. Shoreward deposits in the Belchertcwn quadrangle consist chiefly
65 sloping masses of sand built into lakes as part of a kame terrace.
No spits or bars were recognized in the area.
LATE-GLACIAL & POSTGLACIAL DEPOSITS

Eolian Mantle

Pitted, polished, ana fluted stones in silty fine sand and
fine sandy silt that caps the drift in eastern Massachusetts were inter-
preted as eolian by Woodworth (1894) who called them glyptoliths. He
originally interpreted the sediment cont%ining these glyptoliths as an
eolian deposit (Woodworth, 1899), but after finding this deposit over
much of New England, decided that it was a loose till deposited by the
last glacier. (Woodworth and Wigglesworth, 1934). Clasts in this deposit
were presumably moved upward from underlying drift by intense frost
action during a late Pleistocene periglacial climate in southern New
England (Bryan, 1932). Once in the upper sand and silt, they were mo-
"dified by the wind t; form ventifacts. Further evidence of late glacial
eolian activity in Massachusetts is afforded by stabilized dunes and
wind abraded bedrock to the south in the Connecticut Valley (Hartshorn,
1962).

A deposit of silt and very fine sand containing a few to many

largely angular clasts of varying size mantles the glacial deposits
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in the Belchertown quadrangle. The thickness of this ubiquitous deposit
ranges from a few inches to several feet at changes of slope, but averages
between 6 and 18 inches., It occurs on slopes, uplands, and in valley
bottoms with no consistent pattern of thickness. The deposit is totally
oxidizad except where it exceeds three feet in thickness. Without this
unit, the agricultural potential of the area would be considerably lower.
Following Hartshorn, this deposit is termed the eolian mantle.

Boulders up to three feet in diameter are expecsed in and atop
a soil horizon composed of silty, very fine sand in a borrow pit on
Allen Street (Plate 1). Thirty to forty feet of very well sorted and
bedded fine and fine to medium sand with no interbedded gravel under-
lies this soil. At this site, derivation of the boulders from the
vnderlying drift is an lmpossibility. -B;;lders on tha surface of this
deposit and in the upper three feet must have been derived from a néarby
ice mass. The matrix of this soil is largely of eolian origin.

Clast fabric is present in the loam overlying many glacio-

fluvial gravel deposits. Either frost action was not active at such

localities, or the loam is derived from soil forming processes and is not

- . eolian sediment. Dufing frost heaving, any original clast fabric would

be destroyed (Black, personal communication)..
Alluvium

Sediment deposited by modern streams is mapped as alluvium.
It occurs on the floodplains of the Fort River and other modern sﬁreams.
Each sedimentation unit of alluvium is moderate to well sorted, but
superposition of sedimentation units which have been deposited under

different conditions of discharge and sediment load give alluvium an
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overall poorly sorted character. Many streams in the Belchertown quad-
rangle héve swamps along their floodplains. Peat, muck, and organic
matter constitute a part of the alluvium in these areas, but such de-
posits are not separately designated on Plate 1. Abandoned channel
segments of the Fort River which contain peat and muck stand out on
aerial photographs as sinuous, linear swamps.

Alluvium consists largely of silt and sand with minor amounts
of rounded water worn gravel. Laminae in alluvium are readily visible
because of the color contrast between brown organic-~rich sand and silt
and gray non-organic sediment.

Stream Terrace

A marginal bench higher than the present floodplain in a
valley is a terrace. A terrace composed of alluvium indicates that a
former floodplain has been incised due to uplift, a change in discharge,
or a change in base level of the stream in the valley. The alluviél
terrace along the Fort River (Plate 1) probably reflects a change in
its base level. The sediment in this terrace is mostly sand and silt

similar to that observed in the present floodplain of the Fort River.

Artificial Fill

Artificial f1ll is mapped in areas which have Been.ektensively
filled by man. The earth material added to maintain the grade along a
road or railroad constitutes artificial fill. Trash fills, such as the
sanitary landfills for the towns of Amherst and Belchertown, are

separately mapped.
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Swamp Deposits

Organic matter intermixed with some silt, clay, and sand
accumulates in poorly drained areas and is mapped as swamp deposits,
Deposits wherz peat is known to exceed three feet (as in peat bogs) are
separately mapped.

ECONOMIC RESGURCES
Bedrock

The Holyoke diabase is extensively quarried for road metal
along the crest of the Holyoke Range 1.4 miles west of the western
boundary of the quadrangle. The Holyoke diabase is continuous with the
diabase in the Belchertown quadrangle (Balk, 1957) but no quarrying
operations exist in the area in this unit at present. The writer does
not know of any which have existed in the historic past.

A small'quantity of gneiss has been removed from a.now
abandoned quarry 0.2 miles northeast of the east end of Kopiac Avenue.
The extracted rock was probably used by local residents as building
stone.

Tremolite asbestos was quarried during colonial times from.a
" now abandoned, small working near Smith's Pasture. This site is presently
freqﬁented by amateur mineral collectors.

Surficial Deposits

Large quantities of sand and gravel have been removed from the
many borrow pits in the area (Plate 1). Glaciofluvial stratified drift

deposits are generally well graded and good sources of sand and gravel.
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Well sorted (poorly graded) sand can generally be obtained from the
lower part of the foreset beds of deltas. The occurrence of flowtill,
large boulders, lacustrine silt, clay, and fine sand may detract from
the suitability of material for borrow. However, suitability for borrow
should be evaluated separately as the specifications for aggregate vary
with intended use. The presence of a shallow water table may limit the
volume of material available for easy extraction. Each site proposed
for borrow should receive a careful site study to determine the volume
of suitable material available. Glaciofluvial sand and gravel have been
successfully used as fill on a variety of construction projects in the
area.

Varved clay was once extensively quarried and used for the
manufacture of bricks in southeast Amherst 2s it is today elsewhere in
New England. Intermixed clay and brick fragments were seenﬂby the wfiter
and were reported in drilling logs of water wells near Hop Brook and the
Central Vermont Railroad tracks in the vicinitf of long abandoned clay
pits associated with the manufacture of bricks. These pits ceased
operation prior to World War II, but were open and used by Antevs (1922)
in his classic study of Connecticut Valley varves, T

Groundwater is available from wells drilled into bedrock or
from most surficial deposits where suitable tpicknesses are found.

Where upper till is thick enough to give several feet of saturated
thickness, 0.5 to 10 GPM have been obtainéd frg;:dug wells. The yield

of wells in upper till is largely a function.of texturally-controlled

permeability and saturated thickness. Dug and driven wells in
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stratified drift yield approximately 50 to 250 GPM depending on the
saturated thickness.penetrated, the overall texture of ihe deposits,

and the extent of development of the well. Wells dug in gravel yield
larger quantities of water than those dug in sand. The Town of Amherst
obtains much of its water supply from an artesian aquifer underlying
Lawrence Swamp. A few tens of feet of varved clay overlie and confine
water in several tens of feet of buried sand and gravel from which water
is obtained. Some wells drilled into this buried sand and gravel flow
freely; the potentiometric surface for the confined water is well above
the top of the buried sand and gravel.

The quality of water obtained from wells in surficial deposits
is variable. Contamination by septic tanks, road salt, and dry wells,
is a common cause of reduced quality in greundwaterﬁas the result of man's
dctivities. The total natural iron and manganese content of water in
these unconsolidated aquifers oftenlexceeds'the maximum limits sét by
the U. S. Department of Public Health. Test wells drilled into the
confined aquifer beneath Lawrence Swamp show a wide range of iron and
manganese content. Some test wells yield water of inadequate quality
for public consumption, while nearby wells yield potable water with
only one-tenth as much‘Qron and managanese. These two constituents
(especially the iron) do not constitute a knowm health hazard when
present in water above certain concentrations: However, porcelain
fixtures will become stained and water well screens and water pipes

will become readily clogged when total iron and manganese exceed 0.3 ppm
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in groundwater. The well screens in driven wells in the Belchertown
Municipal water supplies are periodically cleaned by reverse pumping
so as to free the screens of accumulated iron,

The groundwater yield of bedrock wells varies from less than
1 GPM to greater than 50 GPM, with most bedrock wells yielding 2-20 GPM.
Variations in yield for bedrock wells probably reflect the size and
spacing of intercepted bedrock fractures which contain and channel the
movement of the water. The quality of water obtained from bedrock wells
is generally good. However, careless contamination of surface water
and ground water in surficial deposits coﬁld ultimately lead to pollu-
tion of water contained in bedrocﬁ fractures.

ENVIRONMENTAL GEOLOGY

-

Basic Geological Information

Geological information pursuant to land use planning has re-
cently been termed environmental geology. Environmental geology has
fccused on effective communication of geological information from geo-
logists, the suppliers of data, to planmers, enginéers, and resource
personnel, the users of geologic data. Hill and Thomas (1972) describe
the need for geological information in planning for the use of land
and water so as to derive the maximum social benefit with a minimum of
environmental degradation. The hazards and constraints to development
imposed by geology vary from region to region because of differing
geologic environments; but a sound understanding of geologic materials,
principles and processes is essential to prudent use and management
of the land. The Connecticut Valley Urban Project of the U. S.

Geological Survey is compiling and supplementing existing geologic
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data to produce a series of simple, easy to read, single subject maps
which give geologic parameters necessary for effective and efficient
land use planning. Plates 2 through 5 are prints of stable base over-
lays prepared for the Connecticut Valley Urban Project and show different
aspects of the geology of the Belchertown quadrangle necessary for
effective land use planning. It is emphasized that these maps are
intended for reconnaissance level planning only and are intended to
show general patterns of geologic information. They are not intended -
to provide detailed geology at a particular small site.. ‘Supplemeuntary
test drilling, geologic and/or geophysical investigation will be fequired
to assess site.geologic conditions.

Geologic information useful for planning and management of
the environment in the Belchertown quadrangle falls into four major
categories: landscape charécteristics or geomorpholcgy, hydrogeology,
bedrock information, and surficial depecsits. For reconnaissance
planning purposes, slopes can be read directly off U. S. Geological Survey
7-1/2 minute topographic quadrangle maps such as the Belchertown quadrangle.
Slopes influence stability of rock and drift in valley sides, rates of runoff
and ercsicn, rates of infiltration, and routes of movement of groundwater.
Natural slopes in the Belchertown quadrangle are gemerally stable, but seeps
along the contact of materials of different permeability reduce stability and
need to be considered in excavation for civil structures. Plate 1 shows
areas where boulders are concentrated on the ground surface, Large
boulders limit the ease of excavation and on slopes present hazards to
be reckoned with. Concentrations of boulders are common on the surface

where depth of rock is a matter of a few feet.
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Information on surface and groundwater is essential to proper land
use planning. The quality of water in surface streams along with base flow
and annual fluctuations in discharge are principal concerns in planning for
many civil projects. Areas that are prone to frequent floods severely limit
man's use of the land. The Fort River and Hop Brook have flooded portioms of
the Lawrence Swamp basin on several occasions during historic time. Most
streams in the area, particularly those in the uplands, have fairly steep
flow duration curves indicative of large fluctuations in discharge as a result
of poor water storage capabilities within their drainage basin. Information
on the quality and quantity of water in Cadwell Creek and the Fort River can
be obtained from the U. S. Geological Survey, Water Resources Division which
maintains a gaging station on each of these streams.

Groundwater occurs in both surficial and bedrock aguifers in
the area as discussed previously. Interst;tial groundwater under phrea-
tic conditions occurs in most suificial deposits in the area. Permeé—
bility and transmissibility are controlled by the texture of these de-
posits. Approximate ylelds and quality of water in surficial deposits
is discussed earlier. Groundwater under artesian head is obtained from
sand and gravel beneath glaciolacustrine varves under Lawreﬁce Swamp.

The quality and quantity of Lawrence Swamp groundwater is discussed in
a previous section of this report. Efforts are presently being made
to protect this aquifer from contamination and pollution by man's
activity. This problem is discussed in the following section of this
report.

Most of the serious environmental concerns in the Belchertown

area are concerned with protection of groundwater resources, some
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examples of which are given in the following section of this report.
Depth to groundwater is a major concern in the stability of surficial
deposits as well as in the placement of septic tank disposal fields.
Depth to groundwater fluctuates seasonally through a vertical distance
of several feet. During the course of this investigation, the water
level in till in the upland was observed to fluctuate through a vertical
distance of approximately 2 feet. Vertical fluctuation of the water
table in sand and gravel deposits will be several times as great.

. Bedrock informatiocn which was not the prime concern of this
investigation is essential for proper planning. The distribution of
rock types, their mineralogy, their structure, and weathering charac-
teristics need to be considered in planning. Planar features considered
as defects in engineering investigationé are of particular concern.
The attitude aﬁd spacing of'bedding or foliation, along with joints
and faults influences the stability of materials on slopes as well
as the wovement of groundwater. Excavations for roads and other civil
structures must take these planar features into consideration. Sul-
phate and sulphide minerals present engineering problems, and there-
fore, their presence and distribution in the rock must be known. Spe-
cial concrete must be placed in areas where water and sulfate minerals
are in c¢contact so as to prevent the deleterious effects of sulfuric
acid. Volume expansion caused by weathering of pyrite cean result in
problems of heaving. Depth of weathering influences the stability and

engineering characteristics of rock and must, therefore, be known.
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Pyritic schists of the Partridge formaticn are present in the area and
present problems because of rapid weathering and schistosity leading
to unstable soils, especially on slopes. The topography of the buried
bedrock exerts an influence on the movement of water and therefore is
of concern in the placement of wells and disposal fields.

The texture, stratigraphic succession, and thickness of drift
units is a major concern for planning in the Belchertown quadrangle.
A materials map (Plate 2) which was derived from the surficial geologic
nap shows the distribution of till and swamp deposits as well as the
texture of stratified drift. Thickness of the drift in the Belchertown
quadrangle is shown on Plate 3. The till shown on Plate 2 is mostly
upper till, but there may be areas where thin, sandy upper till is under-
lain by dense, more compact silt ¥ich lower till,. thus underscoring
the need for site investigation. Drumlin till is of significance because
of its higher plasticity, lower shear strength and poor permeability and
drainage characteristics. A problem encountered in land use on drumlin
till is given in a later section of this report. Sand and 8ravel are use-
ful as f£ill and aggregate and, thus, constitute eédnomic resources gn the
area which should not be zoned so as to prevent removal. The suitability
of a particular deposit depends upon its intended use and must be evalua-
ted for each deposit and each instance of usage. The thickness and texture
of these deposits influence their suitabilit§ for development of wells,
as well as their ease of acceptance of liquid effluent. As many homes in

the area draw water from as well as dispose waste in stratified drift
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deposits of relatively high permeability, extreme caution must be

urged in the location of water wells, dry wells, and septic tank leach-
ing fields. Improper placement of wells and septic tanks may lead to
overlapping of the cone of depression surrounding the well and the

cone of recharge surrounding the leaching field, thus leading to re-
cycling of effluent into the water supply. Where drift is less than

10 feet thick (Plate 3), bedrock outcrops are abundant and depth to
bedrock is generally-only a few feet. Caution must be exercised in
locating and placing septic tanks in such areas. Improper location of
septic tanks and wells in such areas can lead to serious problems of
pollution such as those described by Altoff (1970) in the Town of

Granby. The thickness and ﬁermeability of'surficial material, depth

to the water table, and routes of movement of groundwater impose geo-
logical limitations for the disposal gf liquid and solid wéste. Recharge
areas for artesian aquifers, such as that underlying Lawrence Swamp, must
be protected from pellution-by man's activity.

Plate 3 shows a deep depression in the bedrock surface in the
vicinity of St. Hyacinths's Seminary in Granby as well as the Granby
High School. Thé pattern of depth to bedrock suggests the possibility
of a buried bedrock Qalley in this area. Drift-filled buried valleys
are important in the design and location of structures, as well as their
potential for groundwater supplies if they are filled with anrse
stratified drift. The Town of South Hadley, Massachusetts obtains much

of its water supply from 2 series of wells located in a buried valley.
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The depth to and thickness of glaciolacustrine varved clay,
respectively, is shown on Plates 4 and 5. The engineering characteristics
‘of this cohesive soil are given later in this report. Varved clay is also
of significance for the effect that it exerts on the rate and direction
of movement of groundwater. The varved clay underlying Lawrence Swamp
is a confining layer causing the water in the underlying sand and gravel
to exist under artesian pressures.

Examples of Environmental Problems in the Area

The major environmental concern in the Belchertown quadrangle
at present is water pollution. Most homes obtain water from wells and
discharge sewage into septic tanks. Usually, the aquifer is also the
recipient of sewage. Overlapping of the cone of depression surrounding
a shallow well and the rechargevaund fro& a discharging septic tank
can lead to an un&esirable recycling of sewage ingo a wéter supply.
Closely spaced houses with.septic tanks on slopes where drift is thin
can have a similar effect. Flow of septic tank effluent along the
bedrock surface can lead to contamination of wells downslope. Many
homeowners have drilled wells into bedrock to avoid the risk of éon-
tamination of a shallow well by septic tank effluent.

The failure to consider the direction and rate of movement of
surface and subsurface fluid has caused some degradation and poliution
of water. The following examples will illustrate problems which

currently exist.
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Rice and Bay, in several unpublished reports, have shown
that surface and groundwater have become contaminated in the area be-
cause of man's activities. Driven wells in glaciofluvial sand and
gravel along Jabish Brook supply water for the village of Belchertown
and the Belchertown State Schcol. Analyses of water from both well
fields by the Massachusetts Department of Public Health indicate a per-
iodically fluctuating but steadily rising chloride content. Road salt
stored unprotected at the Belchertcwn Highway Department garage and salt
placed on highways has been slowly moving downslope into the aquifer
supplying these wells. Chloride levels are highest each year in early
spring and decline the following fall to levels higher than those of
the preceding autumn. Chloride concentrations in late winter and early
spring now exceed 250 mg/l, the limit recommended by the U. S. Public
Health Service for drinking water.

Rice and Bay have also found chloride contamination in several
domestic wells near Routes 9, 21 and 202, as well as isolated instances
along some country roads in Pelham and Belchertown. Highway road salt
is the probable source of the chloride. Water from some of these wells
has been declared unfit for consumption by health authorities.

Motts and Saines (1969) have shown that the deterioration of
water quality in Massachusetts correiates with human activities. Contam-
ination of water supplies by road salt is oﬁe of several types of con-
tamination documented in their report. |

Coliform bacteria which are indigenous to the intestinal track

" of man and animals are used as a measure of contamination of water by
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sewage. Rice, Bay, and students in Geolcgy 387 at the University of
Massachusetts, Amherst have taken samples periodically from Jabish and
Lampson Brooks for analysis by the Massachusetts Department of Public
Health. Coliform bacteria well in excess of the limit set by the U. S.
Public Health Service (1962) have been found in these streams. Faulty
septic tanks and a faulty sewage treatment plant are the assumed sources
of the pollution. The coliform bacteria concentration has been suffi-
ciently high at times as to militate against use of Lampson Brook water
for irrigation of a strawberry farm. Analyses of water from a drainage
ditch on the south side of Orchard Road indicate that newly installed
septic systems in drumlin till south of the ditch are malfunctioning.
Septic tank effluent is not percolat;ng into, but is draining downslope
along the surface of the clayey, silty drumlin till. Continued down-
slope drainage of sewage may lead to céntamination of the artesian aqui-
fer beneath Lawrencé Swamp from which Amherst obtains much of its muni-
cipal water supply.

All towns in the Belchertown quadrangle presently dispose of
solid waste in sanitary landfills. Zanoni (1972) and Hughes, et al (1971)
recommeﬁded that the hydrogeology of the area of a proposed landfill
'be determined so that the landfill can be located, designed, and operated
in a safe, non-pollutiﬁg manner. Cartwright and Sherman (1969, p. 7)
state that "...gravel pits are rarely, if ever, acceptable refuse
disposal sites from the hydrogeologic standpoint.'" They further state

that landfills should be located preferably in deposits of low
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permeability so as tolretard the movement of leachate and to remove some
of the organisms present in leaéhate. Sanitary landfill sites in the
Belchertown quadrangle have generally been selected so as to fill large
depressions left after extraction of sand and gravel. Hydrogeologic
studies did not precede the dumping of solid waste at these sites.
Concern has been expressed that leachate from the Amherst-
Pelham sanitary landfill may pollute the groundwater in the Brickyard
Well Field which supplies the Town of Amherst. The Brickyard Well Field
is located approximately 2,500 feet west of and 90 feet lower than the
landfill which is in highly permeable glaciofluvial sand and gravel,.
The well field was installed long after dumping of refuse at the land-
fill site. ‘Test drilling has indicated t?at the landfill is located
in the recharge area of the Lawrence Swamp aftesian aquifer, and that
material of low permeability which could modify and retard the movement
of leachate is absent beneath the landfill and between the landfill and
the aquifer (Motts, 1972). The quality and movement of leachate is now
being monitored in observation wells installed several years after
pumping of the water supply wells began. To date, a slight rise in
chloride has been reported in the groundwater of the Brickyard Wells.
In a similar situation in Geneseo, Illinois, a slight rise in chloride
was the first indication of the movement of leachate from the town dump
into the municipal wells which were located down the hydrologic gradient
from the dump. Subsequent rise in hardness and sulfates in the water of ..
the town wells led to drilling of additional wells elsewhere to augment

the town supply (Motts, 1972).
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No data have been gathered to determine the éﬁality or direc-
tion and rate of movement of leachate from landfills used by the Town of
Belchertown and the Belchertown State School. Confining material of low
permeability which could retard the movement of leachate and remove some
constituents is not known at either site. Thus, unmodified leachate will
probably move down the hydrologic gradient and into nearby streams and
aquifers. |

ENGINEERING‘GEOLOGY

Characteristics of the Drift

Reconnaissance level planning is greatly facilitated by a
knowledge of the engineering characteristics of drift. Such information
can enable the planner or engineer to plag the location of roads and
buildings and to initiate design estimates. The distribution of grain
-sizes in tills shown on Figures 6 and 7, can be used to classify
soils according to the Unified Soil Classification System (U.S.C.S.)
and these categories can in turn be used to give general engineering
characteristics of the various drift units. It is emphasized that these
-.are only for recomnaissance level planning and must be supplemented by
detailed testing and investigation of material at a particular site.
Such estimates are, however, useful in avoiding especially detrimental
soil conditions where better conditions are available in nearby areas.

Soils (sediments) which contain significant quantities of
fine-grained materials (silt and clay) present the most serious limita-
tions for the design of civil structures. Therefore, most engineering

tests quantify the properties and behavior of such cohesive soils. Varved
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clay and drumlin till are the only extensive cohesive deposits in the
Belchertown area. Lower till is moderately cohesive and may underlie
sandy upper till in many areas, but its full extent is unknown. Lower
till and varved clay are not mapped as surficial units anywhere in the
area, but are present at depths of 3 to 10 feet such that they are of
concern.

Table 4 shows that the varved clays which underlie the Lawrence
Swamp Basin are inorganic clays of high plasticity (Unified Soil Classi-
fication S&mbol CH). They are impervious (coefficient of permeability
[k] 1less than 10_7), and have a moderate susceptibility to frost action --
especially the silt and fine sand members. Around the margins of the
Lawrence Swamp Basin, varved clays inhibit drainage along the contact
with overlying sand and thus can present problems of slope stability and
susceptibility to frost action. When compacted and saturated, they have
very poor shear strength and high compressibility. As a coustruction
material they are poorly workable and are generally removed from most
localities when possible. When unavoidable, overconsolidated stiff clays
can be used as a foundation material with spread~footiugs, but it is
" most desirable to remove this material when possible.

Lower till and drumlin till are similar in their scarcity
of gravel and relative abundance of silt and clay. In the matrix of
these tills (the fraction finer than the U. é. Standard Sieve No. 10),
the percent sand is approximately equivalent to the combined percentage
of silt and.tlay. In terms of the Unified Soil Classification, the
texturai composition of these two tills places them somewhere along the

boundary of poorly graded silty sands (SM) and inorganic silts and very
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fine sands (ML). These two tills are semipervious to impervious (k of

-3 to 10-7) and are moderately to highly susceptible to frost action.

10
Because of jointing, weathered tills of this type are especially sus-
ceptible to frost action. When compacted and saturated they have poor
to fair shear strength and medium compressibility. As a constructicn
material, both these materials are considefed as fair. When wet, they
are negotiable with some difficulty by track and wheeled vehicles; when
dry, they are dense, firm and compact, sometimes presenting difficulty
in excavation. They are sufficiently dense to have joints in both fresh
and weathered material. Joints are closely spaced, near vertical and
horizontal in weathered material, causing lower till to break into small
thin plate-like masses known tc soil scientists as peds. Joints in un-
weathered till are spaced at 1/2 to several meters such that upon excava-
tion the material often breaks out iﬁ large blocks. Not oﬁly do these
tills have low stone content (averaging 9 to 12 percent in the samples
tested), they are generally free of large boulders of the type typicglly
found in upper till.

Upper’till‘is generally a firm to very firm, poorly to
moderately graded, sand and silt mixture (SM). Upper till is generally
quite ston&, with the sagples analyzed averaging about 20 percent
gravel. In places where upper till has been.washed (i.e., had fines
selectively winnowed by the action of running water), it may border

on a poorly graded gravel (GM). In places the gravel content may

average as much as 50 percent, with a large percentage of these clasts
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being cobbles and boulders. It is fairly common for terrain under-
lain by upper till to be boulder strewn. Upper till is generally semi-
pervious with coefficients of permeability ranging from 10'_3 to 10—5.
However, the permeability of this material is highly variable and may be
considerably better in places where it has been washed and is highly
stonyvcompared to other places where it is silt rich and less pervious.
Depending on its texture, upper till may have slight to high suscepti-
bility to frost heaving. When compacted and saturated, its compressibility
is generally low and its shear strength is generally good. As a con-
struction material, its workability is fair to good~depending upon its
texture and boulder content. Note that while there are geologically
significant differences between the upland, valley, and Belchertown facies
of upper till, the engineering characteris;ics of this material are
essentially the same. The abundant supply of sand and gravel in the
Belchertown quadrangle serves as a source for borrow. However, in
upland communities where there is very little glaciofluvisl sand and
gravel, upper till is commonly used as a borro§ material. A general . ..
summary of the characteristics of upper till is given in Table I.
Water-laid deposits of sand and gravel are abundant in the
Belchertown quadrangle. These units were deposited in both ice contact
and proglacial positions. Generally speaking, there is more uniformity
among sands and gravels deposited in a proglacial environment. Sand

and gravel deposited;iﬂ-an ice contact position commonly contains
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interbedded and fairly thick lenses of silt and fine sand which
were deposited in temporary lakes on or adjacent to stagnating ice.
Flowtill containing more than 10 percent silt and clay is commonly
interbedded in ice contact deposits. The textural contrast between
adjacent units may be very great in ice contact deposits and is often
enhanced by collapse structures that developed at the time of melting
glacial ice.

Generally speaking, sand and gravel deposited in an ice con-
tact environment is well graded gravel or a gravel-sand mixture with
little or no fines. As shown on Plate 1, the gravel in the Belcher-
town quadrangle may be dominantly pebble gravel or cobble gravel, or
a combination of pebble and cobble gravel. Some boulders are present
in some areas, especially those adjacent ég a former ice margin. In-
terbedded in these well graded gravels are poorly to-well graded
sand (SP to SW).. Sometimes thick and often discontinuous lenses
of silty sands and poorly graded sand-silt mixtures (SM) are found
within ice contact sand and gravel deposits. In ice contact glacio-
fluvial deposits one may find poorly to well graded gravels, poorly to
well graded sands, witﬂ some interbedded silty sands and poorly graded
sands. Therefore, each area proposed to be used for borrow must be
given a detailed investigation so as to determine the texture and
distribution of various grain sizes in the deposit. The heterogeneity
of these deposits merit careful consideration, as the material in any
one deposit may meet specifications for one intended use and not for

another.



87.

The greatest uniformity of any glaciofluvial deposits in the
area is found in the proglacial valley train deposits that occur within
the Bachelor Brook Valley. Exposures in this material indicate that it
is largely poorly to well graded sand with only minor amounts of inter-
bedded, generally small pebble grave. However, these proglacial valley
train deposits grade upvalley into coarser textured ice contact glacio-
fluvial deposits in a head of outwash north of Lake Holland. Therefore,
the proportion of interbedded gravel within the valley train deposits is a
function of location in the valley from which they are extracted. These
sand and gravel deposits are very pervious with coefficients of permeability
commonly on the order of 10-'1 centimeters per second. Except for inter-
bedded silt and fine sand, these deposité have a very low susceptibility
to frost acticn. These materials are gene;ally of good to excellent
workability. When compacted and saturated, their compressibility is
negligible and their shear strength is good to excellent.

Both glaciofluvial and ice contact stratified drift have been
extepnsively used for borrow in the Belchertown quadréngle. The volume
of material available for extraction is generally a function of the
&epth to water at a parti&ular locality. Interbedded flowtill, or
laminated silty and sandy kettle pond £illings within glaciofluvial ice
contact deposits may limit the amount of material which meets specifica-
tions for an intended use. As flowtill is commonly the surficial unic
in many sand and gravel deposits, it is recommended that initial test pits'

be dug at least 10 feet deep in order to check on the quality of material.
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Alluvial and stream terrace deposits generally are silty sands
to poorly graded sand-silt mixtures (SM). They are only semipervious to
impervious with coefficients of permeability approximately that of upper
tills. Along floodplains, they are typically poorly drained with a high
water table. In places, they are interbedded with or interfinger with
organic silts and organic silt clays of low plasticity (OL). When com~
pacted and saturated, these materials have poor to fair shear strength
and medium compressibility. As construction materials, their workability
is fair.

The ubiquitous eolian deposits which mantle the drift are gen-
erally silty fine sand with varying amounts of pebbles, cobbles or boulders
included within. These deposits are generally semipervious te impervious.
When compacted and saturated, their shear‘strength is good and their cow-
pressibilify is low. Since these deposits rarely exceed 2 feet in thick-
ness, they are most often and easily removed so as to get to underlying
material on which foundations can bear.

Peat is present in only minor amounts in éhe Belchertown

quadrangle. It may occur interbedded or as'lenses in alluvium along
”.floodplains, or in poorlf drained former channels along floodplains.
Only one small peat bog occurs within the quadrangle. This bog is
found approximately .4 mile northeast of the.intersection of George
Hannum and Boardman Streets.

A summary of the characteristics of all drift units ﬁresent

within the Belchertown quadrangle is given in Table 4.
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Seismicity--Possible Role of Drift

Earthquakes have recently received increasing attention because
of the risks for critical structures such as dams and nuclear power plants.
Some of the damage can result from modification of earthquake-generated
waves in passing from rock through ovérlying unconsolidated material
to the surface. Areas blanketed by unconsolidated material may experi-
ence amplification or attenuation of ground motion or liquefaction.
Earthquake waves in passing from rock through loose, low-density uncon-
solidated materials can become amplified leading to unusually severe damage
for an earthquake of a given intensity. Loose, water~saturated sand and
silt may liquefy because of increased pore pressure and reduced shear
stfength induced by the passage of seismic waves.

Generalizations regarding the'dénsity and water coutent of
unconsolidated units in the Belchertown quadrangle are difficult to make.
The density of unconsolidated materials varies with water content, degree
of consolidation, and grain size. Till, particularly cohesive till, is
generally firm to dense material. Water-saturated fine sand and silt.
such as in floodplains is especially susceptible to liquefaction. Den-
sity and degree of saturation are properties of drift umits which must
be evaluated at a particular site to determine the susceptibility for
amplification or liquefaction.

No earthquake epicenters.have Been feﬁbfted within the Belchertown
quadrangle, but several low intensity events have occurred in the Connecticut

Valley and in the Eastern Uplands of southern Massachusetts. Earthquakes
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ranging up to Modified Mercalli Intensity VIII have occurred in the
vicinity of East Haddam, Connecticut (Coffman and von Hake, 1973; Smith,
1966). Eastern Massachusetts and southeastern New Hampshire have had
relatively frequent earthquakes with Intensities ranging up to Modified
Mercalli Intensity VIII. In addition, eastern Massachusetts has experienced
vibratory ground motion from earthquakes with epicenters in the western
Atlantic and in the St. Lawrence Valley. The felt areas for some of these
larger events include the area of the Belchertown quadrangle such that
Algermissen (1969) has included the Belchertown area in a zone 2 in his
seismic risk map of the United States. An area designated as zone 2 can
expect earthquakes with Intensities ranging up to Modified Mercalli
Intensity VII within the area.

No specific effects of earthquaﬁes in the Belchertown area have
been reported, nor were they observed in the field. However, it is reason-
able to assume that the area has experienced vibratory ground motion from a
number of earthquakes that have occurred within a 100-mile radius. Because
of the seismicity of the region, and the nature of éhe drift, the effects
of vibratory ground motion should be considered in an investigation of a
':gite in southcentral Massachusetts that is mantled with unconsolidated
sediment. Sedimentary structures, some of which are similar to those
reported as a result of earthquake effects (Sims, 1973) have been observed
in the Belchertown quadrangle, but have been interpreted as the result of

.. nontectonic processes induced by the melting of glacial ice.
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CHRONOLOGY

Introduction

Moraines which mark the terminus of a glacier are rare in
New England and occur only in southern Connecticut, Rhode Island, and
Cape Cod. The Ronkonkama and Harbor Hill moraines of Long Island mark
the margins of one or more glaciers which passed over New England.
North of the Charlestown moraine (Kaye, 1960) in southeastern Connecticut
and southern Rhode Island, a linear concentration of boulders, named the
Ledyard moraine by Goldsmith (1960), marks the northernmost and latest known
active terminus of the last Pleistocene glacier to have covered Massachusetts.
North of the Ledyard moraine, deglaciation was by stagnation zone retreat
(Currier, 1941) .rather than by retreat of an active terminus along which
moraines were deposited during temporary hkalts. When the melting tefminal
zone'of'the glacier became too thin to flow, the ice stagnated. With
melting4of ice below divides, the terminal zone of the ice beﬁame separated
into residual lobes of ice which occupied valleys and lowlands and which
controlled melt-water drainage. Stagnant ice masses block some outlets
thereby controlling the routes used by melt water. Stagnant ice also
controlled the base level of melt-water streams, and functioned as a valley
ﬁall against which meli-water streams deposited sand and gravel. These
ice marginal sand and gravel deposits remain aé kame terraces above the
present valley floors. As deglaciation progfessed, new and lower outlets
became available for drainage. Thus, a series of kame terrace deposits
graded to progressively lower outlets reveal much of the history of

deglaciation.
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In the absence of recessional moraines, kame terraces have been
used to interpret a chronology of melt-water drainage and ice recession
in the Belchertown quadrangle. Jahns (1953) defined an outwash sequence
as the deposits of melt water following a specific route. Shafer (1961)
clarified the meaning of outwash sequence as melt-water deposits "laid
down contemporaneously with one another, by melt-water streams controlled
by a common outlet or base level and (were) aggraded to a common sloping
surface." Thus, a series of sediments that were deposited by melt water
at progressively lower elevations reflects stagnant ice which controlled
the outlet and/or the base level of melt-water streams. The head of a
sequence is frequently marked by thick ice contact deposits containing
nuﬁerous kettles and flowtill as is the case for Qbb2 north of Lake Hol-
land. A scarp reflecting the contact of ice and sediment is also
frequently found as at the head of Qbb2 and Qdl. In the Belchertown
quadrangle, deltas occur at the ends of sequences Qthl, Qdl, de,band
Qd4 where melt-water streams entered ice-marginal lakes. The elevations
of these temporary, proglacial lakes can be determined by measuring the
altitude of the contact of topset and férest beds in the deltas.

Detailed surficial geologic mapping by geologists of the U. S.
Geological Survey has enabled further refinement of the sequence concept
(Koteff, 1974). Koteff (1974) has distinguished eight different types
of morphologic sequences based on environment of deposition and presence
or absence of an ice contact head of outwash. The fluvial ice contact
sequence (SC) and the fluvial-lacustrine ice contact sequence (SLC) are
the most common types of morphologic sequences found within the Belchertown
quadrangle. Fluvial non-ice contact sequences (SNC) are also present

within the area.
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Belchertown Quadrangle

The ultimate receiving basin and thus base level for most melt-
water streams in the Belchertown quadrangle was Lake Hitchcock--a large
body of water imponded between a drift dam at Rocky Hill, Connecticut
and the retreating ice margin in the Connecticut valley. The morphology
and elevation of terraces in the Belchertown quadrangle were, however,
controlled by more ephemeral base levels such as bedrock or ice-controlled
spillways. Earliest melt-water drainage was southeast to the Chicopee River
and thence into Lake Hitchcock. Melting of stagnant ice southeast of
Metacomet Lake allowed melt water to later drain southwesf at lower eleva-
tion to the Chicopee River. Deglaciation of the col at the east end of
the Holyoke Range then permitted flow of melt water into temporary proglacial
lakes north of the Holyoke Range which eventually merged with iake Hitchcock.

Unlike the situation in Wisconsin (Black, R. F., personal
communication), stagnant ice features do not occur on the summits of
divides in the Belchertown area and in most of New England. Apparently,
the glacier remained active while nunataks were emergent until thinning
reached the point at which flow was impossible, or emergent highlands
physically separated masses of ice from the active glacier. It is at
such altitudes where stagnant ice features are first found. Analogs of

the late glacial environmenﬁ_in the area may be found today in southeastern

‘Alaska where the Malaspina Burroughs and plateau glaciers are melting

(Hortshorn and Ashley, 1972; Goethwait, 1974).
Flowtill, ice channel fillings, and glaciofluvial deposits
attest to early, high-level stagnation of glacial ice in the basin south-

east of Mt. Lincoln. As the ice thinned, the emergence of Mt. Lincoln,
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West Hill and highlands north and south of Knights Pond isolated a mass
of ice in the Knights Pond basin which became stagnant. Water from the
emergent highlands drained into the basin and along, over and through the
mass of stagnant ice. Melt water drained out of the Knigﬁts Pond basin
by way of several outlets at different elevations. The highest outlet which
is located west of Gold and Munsell Stfeets at an altitude of 995 feet
permitted early drainage southward out of the basin. Later and lower
drainage occurred by way of outlets at 950 and 920 feet elevation into
Jabish Brook, and westward at 920 feet into Scarboro Brook. Centripetal
drainage onto melting and collapsing stagnant ice has left a large deposit
of sand and gravel in this basin which cannot be easily separated into
the deposits of streams using any one outlet. While all these deposits
are not of identical age, they are grouped as cne since clear evidence
for separation into distinct sequences is ‘not present. Much of the sand
- and gravel in Fhis‘basin may have been deposited onto stagnant ice‘whiéﬁ,
upon melting caused collapse ghat obscures the detailed history of
deglaciation. Till and stratified drift in this basin are in placés very
difficult to distinguish. Along with kettles and channel fillings, these
lines of evidence suggest an environment of highly broken and permeable
ice on which deposition, mass movement, and winnowing were common.

Stagnant ice in the vicinity of Scarboro Pond blocked drainage
and controlled the base level of melt-water streams so as to permit
deposition of sand and gravel agaiﬁst and inéo the ice. Deposition of
stratified drift in this upland basin occurred after deglaciation of the
higher, adjacent Knights' Pond basin. Flowtill in an ice channel filling
is exposed in a roadcut on Gulf Road and indicates the presence of

stagnant ice in the area.
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Small deposits of sand and gravel which cannot be related to
any outlet occur at 870 and 730 feet altitude in the Swift River drainage
basin, and at 680, 580, 550 and 470 feet altitude in the Connecticut
River drainage basin. The melt-water streams which deposited these
sediments apparently flowed back on or into ice.

Beginning at an altitude of 690 feet, a series of kame terraces
and valley train deposits grade to progressively lower outlets reflecting
melting of stagnant ice. Kame terraces in the vicinity of Warner Street
indicate that melt water initially drainred eastward into the Swift River.
With melting of stagnant ice in the Jabish Brook valley, drainage shifted
southward into the Jabish Brook drainage basin. Early drainage in the
Jabish Brook basin was by way of an unnamed tributary between 0ld Enfield
Road and Warner Street, but shifted to approximately the present course
of Jabish Brook with melting of ice in the upper reaches of Jabish
Brook valley. Kame terraces in the Jabish Brook valley indicate the
highly cavernous nature of stagnant ice which controlled the long profile
of melt-water streams in this valley. The lowest levels of sand and
gravel in Jabish Brook valley are approximately coircident in elevation
and time with stratified drift in the Broad Brook valley. Long, narrow
" tongues of ice in these valleys form a continuous head of outwash that was
&eposited by streams which graded southeastward into the Chicopee River.
Highly irregular ice-contact slopes, numercus kettles, and ice channel
fillings indicate the highly fractured and cévernous nature of the stag-
nant ice which lay in these valleys. While several levels of drainage
and terraces may have existed in this valley, collapse and post-glacial
modification have made the &istinction of such stages impossible such that

only one sequence has been mapped (Qsed).
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Melting of stagnant ice southeast of Metacomet L;ke permitted
melt water to drain southwestward at lower elevation in the Bachelor
Brook drainage basin. Several small kame terraces east and southeast of
Metacomet Lake which cannot be related to any specific outlet record
early ice-marginal drainage to the southwest into the Bachelor Brook
valley. Retreat of ice at approximately the same time allowed melt
water to drain sogthwestward along the north slope of Turkey Hill. Con-
tinued withdrawal of ice opened successively lower outlets at 370 and
340 feet altitude along Turkey Hill. When the ice uncovered the Weston
Brook outlet at 310 feet altitude, a long glacio-fluvial sequence heading
east of Arcadia Lake came into being. Numerous kettles, collapse struc--
ture and channel fillings indicate the highly fractured and cavernous
nature of the ice which lay in.this valley at this time. This sequence
may be correlative with the one which was‘depoéited by melt water draining
southward by way of Stony Brook.

Wiﬁh further melting of stagnant ice, melt water flowed south-
westward from an ice terminus in Bachelor Brook valley, depositing sand
and gravel en route to the Bachelor Brook outlet at 250 feet altitude.
Bachelor Brook terminated in the Pearl City Plain, a delta into Lake Hitch-
.. cock about two miles west of the quadrangle border. Melt water flowing
south-southwest out of the Bolyoke range deposited sand and gravel against
ice in Bachelor Brook valley. Whether ice occupied the entire width of
Bachelor Brook valley, or only the northern part of ghe valley when se-
quence Obbl was deposited is not certain. Ice was present in Bachelor
Brook valley 0.65 miles south of Pond Hill at least during the early stage

of deposition of sequence Qbh2. A terrace scarp at that location indicates




97.
that melt water, at least initially, flowed south through a col between
two bedrock ridges before flowing east at slightly lower elevation to join
melt-water streams in Bachelor Brook valley, at a point about 1/2 mile
south of Bay Road and Stebbins Street. Melt water which flowed east
along the north slope of the Holyoke Range drained through the col at
350 feet altitude near Bobbin Hollow and thence flowed south into Bachelor
Brook valley. These relationships indicate the synchroniety of ice
stagnation and deglaciation north and south of the Holyoke Range.

As the ice in Bachelor Brook valley melted, melt-water streams
increased in length northeastward until the gap between the Holyoke Range
and the eastern uplands was opened. Fluvial erosion of decaying glacial
ice detache& masses of ice which were buried by glaciofluvial sediments.
Subsequent melting of these ice masses produced the kettles of Metacomet
Lake, Arcadia Lake, and Lake Holland. The thiék kettled and collapsed
valley fill indicates that glacial ice‘fronted in this gap for some.time
and controlled the base level'of melt-water streams while supplying
water and sediment for the outwash which heads in this area.

As stagnant ice continued to melt and withdraw from the Holyoke
Range and the eastern upland;, water was imponded in the Lawrence Swamp
basin. Temporary lakes dammed by stagnant ice and draining through the
Belchertown outlet became the base levels for melt-water streams which
flowed southeastward along the eastern uplands. Deltas at the downstream
ends of sequences Qdl and Qd2 indicate the levels of imponded water in
the Lawrence Swamp basin. Excellent éxposures in Qd3 indicate that this
sequence was deposited by an eastward flowing melt-water stream which was

at least partly in contact with ice and which was graded to an expanding



98.

lake in the Lawrence Swamp basin. As ice continued to melt, the expand-
ing lake in the Lawrence Swamp basin became confluent with the northward
expanding waters of Lake Hitchcock--a large, late-glacial lake in the
Connecticut Valley which was imponded by a drift dam at Rocky Hill, Con-
necticut, and which drained by way of a bedrock spillway at New Britain,
Connecticut. Lake Hitchcock expanded into the Lawrence Swamp basin prob-
ably during deposition of Qd3. Melting of an ice plug between Mt.
Nonotuck and the Holyoke Range allowed water to enter the basin through
lows in a line of southeast-trending drumlins. Sequences.Qd4 and Qeh were
deposited by melt-water streams graded to Lake Hitchcock. The terminus
of Qd4 is a delta. Qeh is a kame terrace, the western edge of which is
composed of numerous delta lobes where melt-water streams enterad Lake
Hitchcock. Numerous kettles, collapse structure, and the absence of any
large drainage basin from which to derive‘water and sediment indicate
;hat this sequencé was deposited in contact with ice standing in the
Lawrence Swamp basin. The sub-lake portions of Qd3 and Qeh were modified
by mass movement and deposition of sand in the shallow waters of Lake
Hitchcock. Several tens of feet of varved silt and clay (Plates 4 and 5)
were deposited in the embayment of Lake Hitchcock in Lawrence Swamp.

Flowtill, collapse structure, abrupt textural variations, planar
cross bedding, and imbricate clasts of compact blade shape in poorly
sorted pebble and cobble gravel indicate that the sediments of Qd3 were
deposited by an eastward flowing stream. Soﬁe of these sediments occur
at elevations below the level of Lake Hitchcock such that an outlet‘for
the depositing stream seems to be missing. Several Possibilities are sug-

gested by this occurrence, but the problem remains. Much of the material
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could have been deposited on ice such that a gradient to an outlet existed
at the time of deposition. Collapse and settlement would have occurred
during melting of the buried stagnant ice which may have taken several
tens of years judging from rates of melting of buried ice masses in south-
eastern Alaska (Goldthwait, 1974; hartshorn, personal communication).
The absence of topographic evidence for an ice marginal environment of
deposition may have been obliterated by collapse, or by reworking of
these sediments in the shallow water of Lake Hitchcock in post-depositional
time. The possibility of a temporary low level lake into which such a
stream could flow is also suggested. Planar cross bedded sand at
210 feet elevation between two drumlins in the adjacent Mt. Holyoke
quadrangle to the west also suggests this. At least two stages of Lake
Hitchcock are known south of the Holyoke Range, with the two becoming
confluent after communication was establighed between two lakes at dif-
feéent elevations (Hartshorn and Colton; 1967). Such an occurrence
suggests that lakes in isolated basins such as the Lawrence Swamp basin
could have existed for short periods of time, but it is difficult to con-
ceive that the isolated lake would have been of lower elevation than that
of the main Connecticut Valley lake. The large mass of sand and gravel
in Dry Brook Hill south of the Holyoke Range has been recently interpreted
as a kame complex (Saines, 1973) suggesting that glacial ice remained for
some time in and slightly south of the narrows between Mt. Nonotuck and
the Holque,Rénge. While such a mass of ice would have blocked communi-
cation betﬁééﬁ'ﬁonded water on either side of the divide, it is only
speculativé'tolgﬁggést such an occurrence as the evidence is equivocal.

No stratigraphic evidence of a retreat and readvance was found in the
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Belchertown quadrangle, but a minor readvance has been found from evidence
in the Mt. Tom quadrangle to the southwest (Larsen, 1972). The possibility
that a minor retreat and readvance significantly affected water levels in
Lake Hitchcock seems remote, but possible.

A series of aligned drumlins which trend southeast and which
are separated by sand and gravel deposits played a significant role in
the late Pleistocene history of the lowlands north of the Holyoke Range.
Ashley (1972) and Gustavson (1972) have shown the influence of lake
bottom topography on density undercurrents which deposit the coarse
fraction of glaciolacustrine varves. West of the drumlin barrier in
Amherst and Hadley, clay thickness is greater than that for silt in
the varved glacio%acustrine rhythmites of Lake Hitchcock (Ashley, 1972).
Melé-water streams which deposited the sand and gravel of sequence Qeh
continued down the delta foreset slopes as density undercurrents. Con-
volute lamination, ball and pillow strﬁcture, sheared clay units, and
climbing ripples near the base of the prodelta slope indicate rapid
deposition of silt and fine sand from density underflows. Sand and
most of the coarse silt was deposited either in the deltas or on the lake
bottom in the Lawrence Swamp basin. Only clay and fine silt in suspension
were transported westward across this barrier to become deposited in varves.

When the Rocky Hill, Connecticut dam was breached at about
“#. 10,700 years B.P., Lake Hitchcock was drained. During the drainage
of Lake Hitchcock, water was imponded at low.altitude for a short time
north of the Holyoke Range (Jahns and Lattman, 1962). This lake,
Lake Hadley, served as the base level for a temporary, low level lake
which was imponded in the Lawrence Swamp basin. A series of southeast-

trending drumlins separated by sand and gravel deposits occur along



101.
the western rim of the Lawrence Swamp basin. During Lake Hitchcock
drainage, water which was imponded east of and below this barrier could
not drain westward until Lake Hadley was drained and the Fort River
breached the barrier. Jahns (1967) estimates that Lake Hadley lasted
about 50 years. Several feet of sand were deposited in this low level
lake, Lake Lawrence, before it drained. A stream draining into Lake
Lawrence at the eastern end of the Lawrence Swamp basin incised
previously deposited sand and gravel. This stream deposited an alluvial
faﬁ above the 180 foot altitude of the lake, and a delta where the
stream entered Lake Lawrence. The very gently sloping sand plain west
of Warren Wright Road is the top surface of this delta.

Wave-cut benches or notches, and well sorted sediments con-
taining sedimentary structures and bedforms indicative of beach and
nearshore sedimentation do not occur in the embayment of Lake Hitchcock
in the Lawrence Swamp basin. Modificatioq of previously deposited gla-
ciofluvial sgdiments in4the nearshore zone was extremely minor. .This
evidence suggests that the nearshore environment in this embayment of
Lake Hitchcock was one of very low energy. Any waves generated by
katabatic winds and northwest winds of long fetch were modified by
passage through the series of aligned drumlins which stood as islands
in the lake. Wave refraction and interference of refracted waves on
the lee side of these islands reduced the energy of any waves so as to
significantly reduce their geologic effectiveness in eroding and trans-—
porting sediment in the nearshore zone. Beach features reported else-
where in Lake Hitchcock (Colton and Cushmaq, 1962) do not occur in this

area. The sand and gravel deposits separating the drumlins were not
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deposited by longshore currents generated by wave refraction around the
. drumlin islands. The altitude of some of these deposits indicate that

they would have had to have been deposited by currents at a depth of more

than 50 feet in Lake Hitchcock, a highly unlikely event. The texture
and sedimentary structures in these deposits suggest that they might
be glaciofluvial. If the level of Lake Hitchcock fluctuated, spits and
tombolos could have been deposited between the drumlins in a lower stage
of Lake Hitchcock. A thick cover of insulating sediment along with
location on the north slope of the Holyoke Range suggest that buried
stagnant ice may have remained for some time along the southern margin
of the Lawrence Swamp Basin. Such an occurrence would help explain the
abundance of collapse structures and absence of beaches in this area.
Absolute ages from which one can determine the time and possi-
bly the rate of deglaciation are rare in New England and the Connecti-
. cut Valley. No organic material suitable for radiocarben dating was

obtained from the Belchertown quadrangle. A possible peat bog north

of George Hannum Street in sequence Qsw3 may yield wood fragments if
probed. Interpretation of aerial photographs indicates that more bogs
may be present in the area. In the absence of absolute ages, it is
not possible to determine specific dates or rates of deglaciation.

Crude estimates of the rate of deglaciation can be made using
the rate of deglaciation of the Malaspina Glacier in southeastern Alaska--
a piedmont glacier which is stagnaht along its periphery and probably
similar in many characteristics to the terminus of the waning glacier
in New England. Gustavson (personal communication) estimates the rate
of retreat of the stagnant ice terminus of the Malaspina to be approxi-

. fmately 150 m/yr where the terminus is on land. This suggests that, at
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a ﬁinimum, deglaciation of the Belchertown quadrangle took a few hundred
years. Such a crude estimate assumes similar rates of melting under
similar conditions--assumptions which may be i1l founded in fact.

The dates and length of existence of Lake Hitchcock, to which
most melt-water streams in the area were graded, can provide information
on the time and rate of deglaciation in the area. By correlating and
counting varves in the Connecticut Valley, Antevs (1922) estimated that
Lake Bitchcock existed for 4,100 years. Flint (1956) estimated the
maximum existence of the lake at 3,000 years based on radiocarbon dates.
Using these estimates of the duration of Lake Hitchcock, one can calculate
average rates of recession of the glacier for the 185 miles from Rocky
Hill, Conmnecticut to Lyme, New Hampshire. These rates of recession can
be used to calculate tﬁe time necessary for the ice to recede from the
Chicopee River to the northern border of the Belchertown quadrangle.
Since Broad Brook and Jabish Brook are.tributary to the Chicopee River,
and siﬁce sequence Qeh was deposited against the ice, the time for
deglaciation of this stretch of the Connecticut Valley can be used as
an approximate time for deglaciation of the Belchertown quadrangle.

So calculated, retreat of ice from the Chicopee River to the northern
border of the Belchertown quadrangle took between 231 and 308 years
(Table 3). Thus, total deglaciation of the Belchertown quadrange is a
matter of a few hundred years, an estimate that agrees with the time and

rate of deélaciation of similar terrain in Alaska (Goldthwait, 1974).
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Post-Glacial Chronology

In post-glacial time, eolian and‘fluvial activity, mass
movement, and soll formation have added the finishing touches to the
present landscape. Post-glacial wind blowing across unvegetated drift
removed and redeposited some of this sediment as an extensive mantle
of silt and fine sand. Clasts within the eolian mantle are presumably
derived from underlying sediments by intense frost action which charac-~
terized late-glacial and early ﬁost~g1acial time in New England. Venti-
facts within the eolian mantle indicate the strength and duration of
post-glacial winds and the abundance of blowing sand at this time. Wind
hés reworked unvegetated sand into dunes in Chicopee and Longmeadow,
Massachusetts (Schafer & Hartshorn, 1965). No dunes were found in the
Belchertown quadrangle.

Post-glacial stream activity haé.made the floodplains which
are p:esené along most streams. A change in base level or hydrologic
regime of the Fort River has led to incision of an earlier floodplain,

remants of which are now a stream terrace.
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THE PLEISTOCENE IN NEW ENGLAND

Evidence for pre-Wisconsinan glaciation in New England is equivocal.
Fuller (1914) in a classic work, mapped and described Pleistocene units on
Long Island and made some tentative correlations with Pleistocene units on
Cape Cod. While his mapping can rarely be improved today, he, unfortunately,
arbitrarily matched his stratigraphy with that of the classic four-stage
Pleistocene section in the midwestern United States. Woodworth and
Wigglesworth (1934) mapped and determined the stratigraphy of Cape Cod and
the offshore Islands, bui unfortunately, matched their stratigraphy with
that of Fuller (1914). Kaye (1964a,b) found seven drift units on Martha's
Vineyard, and four in the Boston basin (Kaye, 1961), but also correlated
his stratigraphic succession with the four stages of the Pleistocene in
the Midwest.

Recent work has shown that thé gaurentide ice sheet advanced and
retreated several times during the 70,000 plus years of Wisconsinan time.
In Illinois, Willman and Frye (1970) have recognized five substages of
Wisconsinan age, three of which are glacial. They bave also divided the
Illinoian of Illinois into at leastvthree substages. Since the exﬁent of
recession during an interstadial is not of the order of magnitude of an
interglacial, soils, wéathering profiles, and non-glacial deposits in any
one area cannot be assumed to be interglacial deposits without confirmation

by some dating technique. They may have developed during a minor recession

. of a glacier. Since radiocarbon dates are most reliable for 35,000 years

and cannot be determined on material wore than 50;000 years old, an absolute

chronology for all but the latest Wisconsinan has not yet been determined.
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Based on paleotemperature analysis of fossil-bearing Pleistocene
units, Gustavson (1976) has telescoped much of the Pleistocene stratigraphy
of Long Island and Nantucket into the Wisconsinan. The failure of earlier
workers to correctly interpret environments of deposition led to the spurious
correlation of texturally similar materials originally named the "Gardiners
Clay" and the "Jacob Sand" by Fuller. The "Gardiners Clay" of much of
Long Island is a glacio-lacustrine unit deposited in advance of the ice
which deposited the Montauk Till. It is not correlative with marine
"Gardiners Clay" in the type area on Gardiners Island, New York,.described
by Fuller. Similarly, the "Jacob Sand'" in its type area on Jacobs Hill,
Long Island is not correlative with material identified as "Jacob Sand"
on Gardiners Island by Fuller (1914). [See Schafer and Hartshorn (1965)
fBr a more detailed account of the various interpretations of the "Gardiners
Clay".]. The "glacio-lacustrine Gardiners Clay'" and the “Jacob'Sand" cf -
Long Island are considered as members of the Manhasset formation and
represent deﬁosition in lakes and streams in advance of the glacierlwhich
deposited the Montauk Till (Upson, 1970; Gustavson, 1976). Incorporation
of a block of Montauk Till into the Ronkonkama moraine suggests that
deposition of the Montauk Till predates the Ronkonkama moraine. The age
df the Montauk Till is Wisconsinan, but it may be Altonian as suggested
by Gustavson (1976) or early Woodfordian (Connally and Sirkin, 1973). The

Ronkonkama and Harbor Hill moraines along with the Roslyn Till which caps

" these moraines in western and central Long Island are considered as products

of a waxing and waning Woodfordian glacier by Connally and Sirkin (1973).
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Retreat from the Woodfordian Ronkonkama moraine had begun by
17,000 years B.P. (Sirkin, et al, 1970). The Woodfordian glacier generally
retreated continuously, but with minor readvances interrupting the general
pattern of retreat. A retreating, but oscillating glacier margin, has been
found for both the Hudson-Champlain and the Erie-Ontario lobes of the
Woodfordian glacier (Connally and Sirkin, 1973; Dreimanis and Karrow,
1972; Dreimanis and Goldthwait, 1973). A number of smaller moraines and
segments thereof occur north of the terminal Woodfordian moraine (Ronkonkama,
Vineyard and Nantucket moraines), but it is not clear whether they represent:
(1) deposits during minor stillstands along a continually receding glacier,
or (2) deposits of minor readvances by a generally waning glacier. The .
Harbor Hill, Charlestown, Buzzards Bay and Sandwich moraines are generally
parallel to and north of the Woodfordian terminal moraines. These moraines
contain abundant stratified drift and -are inﬁerpreted as recessionallmoraiﬁes
deposited during a temporary stillstand of the receding Woodfordian glacier.
The 01d Saybrook and Madison moraines (Flint and Gebert, 1976) similarly
occur north of and parallel to the Harbox Hill-Chgrlestown-Buzzards Bay

moraines and are also interpreted as recessional deposits of the Woodfordian

'glacier. A radiocarbon date of 14,240 + 240 years B.P. (Stuiver and others,

1963), from sediment beneath Rogers Lake in Connecticut (Davis, 1969)
indicates that the 61d Saybrook moraine was deposited approximately 14,000
years ago. The Ledyard moraine (Goldsmith, 1960) is yet ahother'northeast
trending recessional moraine in southeastern Connecticut. The abundance

of stratified drift and the absence of moraines north of the Ledyard moraine
ﬂ%gdigate that dissipation of the ice was largely by stagnation zone retreat

(Courier, 1941).
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Readvances 6f'the late Wisconsinan glacier are evident in eastern
Massachusetts, the Connecticut Valley, and the Hudson Valley of New York.
The Cambridge, Middletown, and Rosendale readvances indicate waxing of at
least minor lobes of the late Wisconsinan glacier which may be correlative
(Connally and Sirkin, 1973; Schafer and Hartshorn, 1965). Borns (1973)
suggests that the Middletown and Cambridge readvances may not be physically
or chronologically connected because: (1) there are no deposits connecting
the sediments which record these readvances and (2) neither readvance is
well dated radiometrically. The Middletown readvance in the Connecticut
Valley temporarily imponded water into which a large volume of stratified
drift was deposited. This mass of stratified drift formed a dam for a large
lake which expanded northward as the ice receded toward Lyme, New Hampshire.
This northward expgnding lake which was n;med Lake Hitchcock by Lougee (1939)
served as the ultimate base level for all melt water drainage in the Belcher-
town quadrangle. Lake Hitchcock drained at approximately 10,700 years ago
(Flint, 1956), thereby initiating the present hydrologic regime in the
Connecticut Valley. |

Since unequivocal deposits of pre-~Sangamon age are not known any-
where in New England, all the drift in the Belchertown quadrangle is of‘
Wisconsinan age. No distinct evidence of a readvaﬁce or marginal oscillation
was found in the Belchertown quadrangle, but a readvance of at least 3-1/2
- miles was found by Larsen (1972) in the nearby Mt. Tom quadrangle. Basal
lower till in the Belchertown quadrangle and elsewhere in New England is
jointed, staine&, deeply oxidized, and overlain by fresh, unweathered
friable upper till. As discussed earlier, this suggests that the lower

till may be Altonian while the upper till is Woodfordian in age. Similarity

-
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of the lower till of New England and the Montauk Till of Long Island
suggests that they may be correlative and, therefore, that both are Altonian.
No moraines, radiometrically datable material, or ice marginal deposits
that can be traced out of the Connecticut Valley were found in the Belcher-
town quadrangle. Ephemeral ice marginal positions along'kame terraces and
heads of outwash allow development of a relative chronology of deglaciation,
but no absolute ages can be assigned. The relative chronology and probable
lengths of time for deglaciation of the Belchertown quadrangle are given
earlier.

The paucity of radiometrically dated Pleistocene deposits in
New England allows only estimates of the absolute chronology for deglaciation
of the Connecticut Valley and the Belchertown quadrangle. The Middletown
readvance which established Lake Hitch;ock is dated at about 13,000 years
B.P. The only other radiometric date for Lake Hitchcock is a bog-bottom
date of 12,200 + 350 B.P. from the base of a bog on the Farmington River
delta in Suffield, Comnecticut (Colton, 1961). The duration of Lake
Hitchcock is radiometrically dated at about 2300 years. Antevs (1922)
from varve counts between Rocky Hill, Connecticut and St. Johnsbury,
Vermont estimated the duration of a proglacial lake at 4100 years. Sub-
sequent work has shown that Lake Hitchcock extended only as far as Lyme,
New Hampshire. Antevs counted varves from Lake Hitchcock and its successor
Lake Upham. Using Antevs' 4100-year duratioﬁ of Connecticut Valley lakes,
the estimated average rate of retreat of the Connecticut Valley ice is
73 meters per year. Using a 3000-year Lake Hitchcock, the estimated average
rate of retreat of Connecticut Valley ice is 81 meters per year. These

rates of retreat for Connecticut Valley ice are in general agreement with
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those determined by Connally and Sirkin (1973) for retreat of ice of the
Hudson Valley from western Long Island to the Glens Falls, New York area.
Using these estimated rates of retreat of Connecticut Valley ice, and con-
sidering the distance from the Rocky Hill drift dam to the southern border
of the Belchertown quadrangle as 68 km (42 mi), estimates of the age and
duration of deglaciation of the Belchertown quadrangle are given in Table 5.
The ages in Table 5 should not be considered as absolute, but only as
estimates. Climatic fluctuations affecting the volume of ice melted annually,
minor oscillations of the terminus, different rates of retreat for ice on
land versus water, and insulating surface debris all probably resulted in
highly variable rates of deglaciation. However, taken as a generalization,
the dates in Table 5 suggest that except for residual buried masses of
stagnant ice, deglaciation of the Belchertown quadrangle was completed by
12,000 years B.P. The date from the Farmington delta is in accord with
this timetable. It is hoped that at some time in the future a quaking bog
located 0.4 miles north-northeast of Georée Hannum and Boardman Streets

can be probed for radiometrically datable carbon ;hat may confirm these

estimates.
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EXPLANATION

PLATE 2
MATERIALS MAP

cd
Cobble gravel

Gravel composed largely of cobbles, but commonly includes pebbles in
varying amounts. Commonly in a matrix of sand which may constitute

up to 50 Z of the deposit. Frequently contzins small boulders, especially
in the upper few feet. Locally, small lenses of sand and silt may occur
within.

P9
Pebble gravel

Gravel composed largely of pebbles, but commonly contains cobbles in
varying amounts. Commonly in a matrix of sand which may constitute
up to 50%Z of the deposit. Locally, small lenses of sand and silt
may occur within.

Sg

Sand and gravel

Sand and gravel interbedded such that neither material is clearly
dominant. Locally, minor amounts of silt or clay may occur within.

S

Sand

Generally moderately to well sorted sand, frequently containing
pebbles and/or cobbles in varying amounts. Locally, minor amounts
of gravel, or silt and clay may occur within.

-

FINE DEPOSITS

Very fine sand, silt, and clay as heterogeneous mixture or
as discrete moderate to well sorted and interbedded sand and
silt or silt and clay. Locally, minor amounts of sand or
gravel may occur within.



—

TILL

Very poorly sorted, non-stratified, generally friable,
non-compact silt, sand, pebbles and cobbles with some boulders
and some clay. May contain thin local units of moderately
sorted sand. Commonly less than 10 feet thick, but may be
thicker in drumlins or basins in underlying rock. May overlie
t. at shallow depth,

/e /)

c
CLAYEY TILL

Very poorly sorted, non-stratified, compact clay amnd silt
with some sand and generally few pebbles and cobbles—--
occassional boulders. Common in drumlins and north slopes
of steep ridges in Connecticut Valley Lowland.

SwW

SWAMP DEPOSITS

Clay, silt and sand with varying but usually high proportion
of peat and decaying organic matter and few pebbles. Gommon
in poorly drained areas. Thickness variable and largely
unknown.

aret)

ARTIFICAL FILL

Natural earth material of variable composition emplaced by
man for subgrade along roads, highways, bridge abutments,
railroads etc. aft indicates trash £ill at landfill sites.

NOTE: Generalized map of materials based upon limited observations
in the field and on interpretation of topographic maps and
aerial photographs. This map should be used for reconnais-
sance level planning only and should be preceded by add-
itional field work where detailed site information is
required.



EXPLANATION ( 200)
PLATE 3 R2%,

BELCHERTOWN, MASSACHUSETTS QUADRANGLE . V)b

J. A. Ceggiano, Jr.

Distribution of Bedrock Outcrops and Areas of Thin Drift, inferred
maximum thickness 10 feet.

BEDROCK OUTCROP

L

L /

\<=?"“==’/

THIN DRIFT

Area of abundant bedrock exposures where surficial
deposits are thin (less than 10 feet).

SUBSURFACE DATA
042

. Location of drift-thickness data, number indicates
‘ depth to bedrock in feet.

o34°

Location of drift-thickness data, . Number indicates
depth of well or test boring which has reported refusal .
Depth may be depth to bedrock, but should probably be
considered minimum depth to bedrock.

o022

Location of drift-thickness data. Number indicates
depth of well or test boring which failed to reach
bedrock.

Location of drift-thickness data. Number indicates
mean depth to bedrock of several wells drilled in
. 1954. Wells were drilled in the general arz2a outlined.









