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Abstract

Movement of the last ice sheet in the Mount Tom quadran-
gle was due south during time of major advance as indicated by
striations, drumlins, and indicator stones. Erratics of the
Belchertown Tonalite, derived from the northeast portion of
the Easthampton quadrangle, have been carried southward a dis-
tance of at least 16 miles. The presence of tonalite boulders
on the summit of Mount Tom, elevation 1,205 feet, testifies to
uplift of erratics through a vertical distance of 1,000 feet.

Three tills are recognized on the basis of color, grain-
size parameters, and location: (1) a reddish-brown sandy till
occurs west of the Holyoke Basalt ridge, (2) a brown silty
till lies east of the basalt ridge, and (3) a grayish-brown
till with intermediate grain size occurs in the Easthampton
quadrangle and the north-central portion of the Mount Tom
quadrangle. The three tills are the same age and are equivalent
to the upper till of southern New England.

During deglaciation, readvance occurred from the north-
east over a minimum distance of 3.5 miles in the southeast
portion of the quadrangle. Evidence for readvance consists of:
(1) till over stratified drift, (2) southwest-oriented till
fabrics on south-trending drumlins, (3) west-southwest-trend-
ing striations cutting south-trending striations, (4) south-
west-oriented glaciotectonic structures, and (5) data from
borings.

West of the basalt ridge, northward retreat of an active
ice margin was punctuated by four stillstands, during which
outwash deltas were deposited in proglacial lakes. From old-
est to youngest the deposits associated with the four still-
stands are named: (1) Paper Mills delta, (2) Barnes delta, (3)
Pomeroy Street delta, and (4) White Brook delta. East of the
basalt ridge a series of small ice-contact deltas were de-
posited in high proglacial Lake Hitchcock, which expanded north-
ward with the retreating ice margin. Deposition culminated
along the upper east margin of the quadrangle with the forma-
tion of a large ice-contact delta named the Holyoke delta.

Continued northward retreat of the ice margin both east
and west of the basalt ridge permitted water of Lake Hitchcock
to extend through the Holyoke Narrows and into the valleys of
the Manhan River and Broad Brook in the north-central portion _
of the Mount Tom quadrangle. Drainage of Lake Hitchcock 10,700
Years ago (Flint, 1956) initiated rapid downcutting by streams,
as shown by numerous stream terraces along the Connecticut,
WeStfleld and Manhan Rivers, and along lesser tributaries.

10580 =0
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Introduction

The geology of the Mount Tom area was first published in
1898 as a part of the Holyoke Folio of the Geologic Atlas of
the United States. The work was done by Benjamin Kendall Emer-
son, Professor of Geology at Amherst College from 1872 to 1917.
Emerson's 790-page "The Geology of 01d Hampshire County" was

published as Monograph 293 by the U. S. Geological Survey in

- 1("" N
g

the same year. It is interesting to note that the Holyoke
sheet covers approximately 910 square miles, the equivalent
of over 16 7 1/2-minute quadrangles.

This study is part of a cooperative program of the U. S.
Geological Survey and the Massachusetts Department of Public
Works to map the surficial and bedrock geology of Massachu-
setts on the scale of 1:24,000. Quadrangles adjacent to the
Mount Tom quadrangle on the south have been published. From
east to west they are: (1) the Springfield South quadrangle
(Hartshorn and-Koteff, 1967a), (2) the West Springfield quad-
rangle (Colton and Hartshorn, 1971), and (3) the Southwick quad-
rangle (ééhnabel, 1971). The Woronoco quadrangle to the west
.Currently is being mapped by Charles Warren.

The primary purposes of this study were to: (1) map the
Unconsolidated glacial sediments, (2) develop a stratigraphic
¢olumn, (3) determine the late Pleistocéne history of the Mount
?om area as revealed by the stratigraphic column, and (4) detef-

Mine the direction of glacial movement through the sfudy of



directional features. A significant part of this study was
to determine the nature of glacial sediments in the lowland
west of the Holyoke Basalt ridge and to relate them to the
history of deglaciation of the Connecticut Valley. A second-
ary purpose was to map the bedrock exposures of the Mount Tom
quadrangle in order to produce a preliminary bedrock map.

The geology of the Mount Tom quadrangle was mapped durin%
a total of 44 weeks during 1968 and 1969. The U. S. Geological
Survey 7 1(2—minute topographic sheet of the Mount Tom quad-
rangle was used as a base map. The geology of the area was de-

termined by the study of over 900 natural and man-made exposures.
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Geographic description

| The Mount Tom quadrangle is situated in southwestern
Massachusetts on the west side of the Connecticut River val-
ley, known locally as Pioneer Valley (fig. 1l1). It includes
portions of the towns of Easthampton and Southampton in Hamp-
shire County and portions of the town of West Springfield
and the cities of Holyoke and Westfield in Hampden County.

The quadgangle includes two densely populated areas:
the western on%rthird of the City of Holyoke (1870 pop.50,112)
and the northeéstern one-quarter of the City of Westfield
(1970 pop. 31,433). The rural village of Southampton is
located in the northwest. The rest of the quadrangle is cov-
ered by farmland, wooded uplands, and expanding suburban areas.

The map area is easily accessible as no point in the
quadrangle lies more than 0.66 of a mile from a secondary
road. The east-west Massachusetts Turnpike crosses the south-
ern portion of the quadrangle, and the north-south Interstate
Highway I-91 is located along the eastern edge of the map.

No official U. S. Weather Bureau stations are located
within the Mount Tom quadrangle; however, there are stations
at Amherst, Holyoke, Knightville Dam, Springfield, Westfield,
and Westover Field. The nearest station with a complete tem-
perature and precipitation record is at the former site of

the Springfield Armory located 2.5 miles southeast of the
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southeast corner of the Mount Tom quadrangle. The record
there, one of the longest in Massachusetts and the nation,
goes back to 1848. A climatological summary for the Spring-
. field station (Lautzenheiser, 1969), based on the period 1931
to 1960 by international agreement, shows:
(1) total mean annual precipitation - 46.62 inches
(2) mean January temperature - 28.5°F.

(3) mean July temperature - 74.0°F.
X

(1) length of growing season - 177 days
The climate is characterized by pleasant summers, moder-

ately cold winters, and amplé rainfall (Lautzenheiser, 1969).

Physical features

Topography

Most of the 55 square miles of the Mount Tom quadrangle
lie in the Connecticut Valley Lowland section of the New
England physiographic province (Fennemaﬁ, 1938) (fig. 2). A
Steeply sloping area in the northwest corner of the quadrangle,
comprising only 0.23 of a square mile, lies in the New England
UPiand section of the province. Williamsburg Granodiorite of
Carboniferous age (Willard, 1956) underlies this small area,
Which is characterized by rugged terrain.

'The Connecticut Valley Lowland portion of the quadrangle
is underilain by igneous and sedimentary rocks of Triassic age.

This area is split into two smaller lowlands by a hogback held



Figure 2.

Topography and physiographic subdivisions of the
Mount Tom and adjacent quadrangles. For complete
drainage pattern and quadrangle names see Figure
3. (Physiographic subdivisions after Fenneman,
1938; topography from U. S. Geol. Survey 1:24,000
quadrangle maps.)
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10

up by the resistant Holyoke Basalt, which trends north-

northeast through the eastern portion of the quadrangle. The
bedrock in the western lowland is the Sugarloaf Formation,
'while the eastern lowland is underlain from west to east by
the East Berlin Formation, the Hampden Basalt, and the Portland
Arkose. The bedrock in both lowlands is overlain by till,
outwash sands and gravels, and by glacial lake sediments. Tﬁe
lowland on the west is characterized by smooth outwash and
lacustrine piéins, interrupted by north-south trending ridges
of Sugarloaf Formation such as at Whiteloaf and Little Moun-
tains. The lowland on the east consists of molded topography
which displays a marked north-south parallelism, and which
has been buried by younger outwash and lacustrine sediments.
Crafts Hill, Bradley Mountain, and Prospect Hill are good ex-
amples of streamlined, molded topography or drumlins.

The highest elevation in the quadrangle, approximately
1205 feet, is on the summit of Mount Tom, which is situated in
the northeast corner of the quadrangle. Mount Tom also repre-
Sents the highest elevation anywhere on the Holyoke Basalt Ridge'
in Massachusetts. The lowest elevation, about 45 feet above
Seéa level, occurs where the Connecticut River leaves the map

area just north of the southeast corner of the quadrangle.
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Drainage

All surface drainage in the Mount Tom quadrangle ulti-

mately passes to the Connecticut River, which flows into Long
| Island Sound 62 miles to the south. The dréinage system 1is
poorly integrated, as indicated by numerous swamps, ponds, and
indirect stream paths. The lack of a well-developed drainage
system is the result of continental glaciation.

The Mount Tom quadrangle lies between the Connecticut
River, which flows from north togsouth along the eastern mar-
gin of the quadrangle, and the Wéétfield River, which crosses
the southwest corner of the quadrangle (fig. 3). The West- |
field River, flowing to the southeast, is a major tributary of
the Connecticut River. Excellent examples of water géps are
found where these two streams cross the Holyoke Basalt ridge.
The Connecticut crosses the basalt at.the Holyoke Narrows 2.5
milés northeast of the Mount Tom quadrangle, while the West-
field crosses the ridge 1.3 miles south of the quadrangle
(fig. 2). 1In each'case, the water gap represents the pre-
glacial course of the river presently occupying the water gap.
This problem will be discussed later in this paper.

Streams in the southeastern one-ninth of the Mount Tom
quadrangle display a marked control by streamlined topography.
A stream will run north or south between two streamlined hills
Oor drumlins and then turn eastward toward the Connecticut a-

round the end of a drumlin. If another drumlin lies in its

11



Figure 3.

Drainage map of the Mount Tom and adjacent quad-
rangles. Quadrangle name in upper left corner of
each ninth. (Drainage fromW. S. Geol. Survey
1:24,000 quadrangle maps.)
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path it will turn north or south, run parallel to the drumlin
until it reaches the end of the drumlin where it again turns
to the east. The result is a crude subrectangular stream
pattern. |

Streams in the northern portion of the western low-
land flow northward into the Manhan River and into the Con-
necticut by way of the famed Oxbow, which lies in the south-
east portion of the Easthampton quadrangle. Streams in the
southern portion of the western lowland flow southward into
the Westfield River.

The path of the Manhan River constitutes a good example
of stream diversion caused by glaciation (fig. 3). Before it
enters the map area at the center of the western edge of the
quadrangle the Manhan flows to the south-southeast. As it
enters the map area it turns abruptly -to the north-northeast
through an angle of about 120 degrees. Prior to the last gla—
ciation the Manhan probably flowed southward and directly
across the quadrangle to the Westfield River by way of the
valley now occupied by Brickyard Brook, which is now a north-
flowing tbfbutary of the Manhan. The diversion occurred during
deglaciation and was the result of large quantities of outwash
gravel and sand being deposited in Brickyard Brook valley by
melt-water streams flowing southward from a lobe of ice, the
snout of which was situated just south of East Farms. The best

evidence for diversion consists of a barbed tributary to Brick-
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yard Brook. This stream flows southward on till-covered bed-
rock west of Round Hill and then joins Brickyard Brook at an
angle of about 65 degrees. In addition, the head of Brick-
yard Brook flows southwest, also on till-covered bedrock, be-
fore turning to the north.

Modern drainage below the shoreline of glacial Lake
Hitchcock (see map on page gg;s began with the draining of the
lake from the Connecticut valley prior to 10,650 years B.P.

(Flint, 1956, p. 278).
Weathering

All the rock materials that lie above the ground-water
table, and which are not protected by being impermeable or
covered by impermeable materials, are subject to rapid weath-
ering. Several types of weathering processes affecting both
granular materials and bedrock can be observed in the Mount
Tom area.

The most widespread manifestation of this weathering con-
sists of a well-oxidizéd soil zone 1.8 to 3.0 feet deep in un-
consolidated till, silt, sand, and gravel. Where the ground-
water table is low and the unconsolidated material is coarse
and porous, a paftially oxidized zone may extend to a depth of
25.feet. No measurements are available on the depth of weath-
ering of till in the map area, but it is believed to be»on the

order of 10 feet.



A measure of the amount of weathering that has occurred
on bedrock since retreat of the last ice sheet can be gained
at outcrops of the Holyoke Basalt on Interstate Highway I-91
at the Holyoke Narrows. Differential weathering has produced
as much as one-half inch of relief between the basalt and
quartz veins that have filled columnar joints (fig. 4A). Less
than 100 feet away and 20 feet lower, outcrops of basalt that
have been exposed only recently to weathering processes during
construction of I-91 display striated and fluted surfaces

(Fig. 4B). Presumably both outcrops were abraded equally by

the last ice sheet, and during deglaciation the lower outcrop -

was covered by sand which has retarded destruction of the gla-
ciated surface while the higher outcrop was left unprotected
and weathering has removed as much as one-half inch of basalf
and any trace of striations that were ever there.

The mechanical effect of chemical weathering can be ob-
served on the crest of the Mount Tom Range just north of the
quadrangle boundary.~ Coarse-grained basalt pegmatite in the
Holyoke Basalt has been exposed since retreat of the last ice
sheet. Hyération of plagioclase and augite in the pegmatite
has caused the rock to expand and to disintegrate into frag-
ments usually 1ess>than 1.0 inch in diameter. The granular
material produced is similar to grus formed from granite

(fig. 5A).
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Figure 4 (A).

(B).

7

Outcrop of Holyoke Basalt showing columnar
joints filled with quartz veins. Differential
weathering has produced 0.25 to 0.50 of an
inch of relief on the surface since deglaci-
ation. See Figure 4B and text for location.

Unweathered fluted surface of Holyoke Basalt
100 feet from outcrop shown in Figure 4A, which
occurs at the top of the roche moutonnee at

the upper right.












Talus slopes that are well displayed below west-facing
cliffs on the Mount Tom Range and East Mountain owe their ori-
. gin to frost wedging of the Holyoke Basalt (fig. 5B). The
talus is a steeply sloping veneer of angular to very angular
blade-shaped blocks, which display triangular to parallelogram
cross sections. The maximum angle of repose measured on the

slope was 38 degrees. Long axes of many of the blocks lie

._horizontal or plunge up to 10 degrees downslope, producing a

»Qere imérication.

Cliffs up to 200 feet in height are the source of the
talus (fig. 10 ). Frost wedging along columnar joints and
sheeting is believed to be the main process by which blocks
are derived from the cliffs. Deciduous trees grow on portions
of the talus, suggesting that those areas are relatively in-
active except for possible creep. Over 50 percent of the tal-
us slope is not foreéted-and is characterized by varying de-
grees of lichep cover. Blocks in the lower portion of the
8lope have a heavy cover of lichen, while those in the higher
Portions and in certain linear zones which trend directly down
v?he Slope from steep gullies in the cliff have little or no

lchen cover. This latter fact indicates that the talus is

.?111 in the process of formation.

3 Fro . . . s .-
. St wedging has widened joints 1in an exposure of the
garlo : '
oaf Formation located on Red Brook just north of Maple

Street
in Southampton. The effect is similar to, but smaller
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than, that described by Koteff (1961) for a locality in south-
- eastern Massachusetts. Two sets of joints nearly at right
angles to each other have produced rectangular blocks that

" have moved horizontally with respect to each other on be@ding
plane surfaces. The effect is believed to be due to late-
glacial frost wedging. Blocks produced before or during gla-
ciation would have been moved away as erratics and yet the
situation most likely requires more rigorous frost activity

than occurs at the present time.

Bedrock geology

The Mount Tom quadrangle is underlain by sedimentary and
igneous rocks of the Newark Series of upper Triassic age (Lull,
1917; Emerson, 1917) and by a minor amount of crystalline rock
of probable Carboniferous age (Willard, 1956). The Triassic
sedimentary rocks are all of continental origin and are domi-
nated by red beds ranging from arkosic conglomerate through
arkose (arkosic-sandstone) to siltstone and silty shale.

Minor sedimentary rock types include calcareous shale, car-
bonaceousﬂéhale, aﬁd possibly coal and freshwater limestone.
The Triassic igneous rocks are dominated by tholeiitic ba-
Salt?; however, volcanic agglomerate, breccia, and tuff occur
locally at the northeast corner of the quadrangle. The Tri-
assic rogks lie in the northwest portioﬁ of a large graben

Which is tilted 20 to 25 degrees to the east-southeast. The
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structure is known as the Hartford Basin, as opposed to the
smaller subsidiary Deerfield Basin to the north (fig. 6).

The two basins together are referred to as the Triassic Ba-
" sin of Connecticut and Massachusetts or as the Connecticut

Valley Basin.

Williamsburg Granodiorite

The type locality for the Williamsburg Granodiorite is

the village of Williamsburg in the southwest corner of the
f

Williaméburg quadrangle (Emerson, 1917; Willard 1956). The
Williamsburg Granodiorite underlies an area of 0.23 of a
square mile on the southeast slopes of Pomeroy Mountain in
the northwest corner of the Mount Tom quadrangle (pl. 1).
This same area is the only part of the Mount Tom quadrangle
that belongs to the New England Upland section of the New
England physiographic province (p. 6).

Willard (1956) assigned the Williamsburg Granodiorite to
the Carboniferous on the basis that it had not been metamor-
Phosed, and hence is post-Acadian (past-Devonian), and that,
being a cdérse—gﬁained igneous rock, it predates Triassic
Sedimentary rocks.

The Williamsburg Granodiorite is light to medium gray in
color and consists of fine-to medium-grained biotite granite
With some muscovite. The few exposures visited by this author

°n Pomeroy Mountain were cut by numerous coarse pegmatite dikes



Figure 6.

Triassic Basin of Connecticut and Massachusetts
showing the location of the Mount Tom quadrangle
and subdivision into (1) the Deerfield Basin and
(2) the Hartford Basin (after deBoer, 1968).
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and quartz veins. The Williamsburg Granodiorite is resistant
to weathering and erosion and holds up rugged slopes with
well-jointed outcrops that appear to have supplied the granitic

erratics common in the western portion of the map area.

Carboniferous-Triassic contact

The contact between pre-Triassic crystalline rocks and
Triassic rocks on the west side of the Connecticut Valley
basin has been a point of discussion since 1878, when Russell
related all the Triassic basins in eastern North America to
a single anticlinal feature with half-graben structﬁres on
its flank (Russell, 1878). Emerson (1917) postulated a
Connecticut Valley graben with two border faults; however,
$egerstrom (1956) has reported that the western contact appears
to be depositional in the Shelburne Falls quadrangle. The
western contact has been mapped as a fault in the Tariffville,
Conn.-Mass., quadrangle by Schnabel and Eric (1965).

In the Mount Tom quadrangle the contact between the
Williamsburg Granodiorite and the Triassic Sugarloaf Arkose
is at the foot of the slopes of Pomeroy Mountain and is parallel
to the course of Red Brook. About 150 feet west of the junction
of Red Brook and the first east-flowing tributary north of
Maple Street, the location of the contact can be determined
Within 35 feet (fig. 7). Gray coarse-grained arkose dips gently

to the west at an exposure on the west bank of a bend in the
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Figure 7.

27

Cross section showing contact relationships
between Carboniferous and Triassic rocks on

the west side of the Connecticut Valley Lowland.
At right, Triassic arkose dips gently to the
west at 10 to 20 degrees. The arkose is
covered by glacial debris for a horizontal
distance of 35 feet before the first outcrop

of Carboniferous granodiorite occurs. Location
of section is 1.05 miles N73W of Southampton.
(From a field sketch.)
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gast—flowing tributary. Outcrops of Williamsburg Granodiorite
occur 35 feet to the west and at higher elevations. The avail-
able exposures suggest a fault contact rather than a deposi-
. tional contact between the Williamsburg Granodiorite and the

Sugarloaf Arkose in the Mount Tom quadrangle.

Sugarloaf Formation

Emerson (1891) named the Sugarloaf Arkose / for its

_/ Emerson's original spelling was Sugar Loaf arkose (1891),
he later changed it to Sugarloaf arkose (1917).

occurrence at Sugarloaf Mountain in the northwest corner of
the Mount Toby quadrangle. Willard (1951) renamed the unit
the Sugarloaf Formation to include portions of Emerson's
original Mount Toby Conglomerate that lie below the Deer-
field Diabase (table 1).

The Sugarloaf Formation underlies about 63 percent of
the area of the Mount Tom quadrangle (pl. 1). However, there
are relatively few exposures due to its low resistance to
Weathering and erosion and to the thick cover of glacial drift,
Particularly in the subsequent valley west of the Holyoke
Basalt ridge. Exposures are most prevalent (1) in the area
of till-covered bedrock that culminates in Whiteloaf Mountain,
(2) along Red Bfook and the Manhan River in the vicinity of the
Village of Southampton, and (3) in a belt just west of the

HOlyoke,Basalt.
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Several lithologies characterize the Sugarloaf Formation.
They include light to dark reddish-brown arkosic conglomerate,
arkose, arkosic siltstone, and arkosic shale, The most com-
mon lithology seen in the field is reddish-brown medium- to
coarse-grained arkose with or without pebbles. Unweathered
arkose and conglomerate contain fresh angular to rounded clasts
of granite, gneiss, quartzite, mica, and cleavage fragments of
light orange-brown feldspar.

In areas where ground-water infiltration -has been active
along bedding planes, joints, and faults (for example, along
the Carboniferous-Triassic cbntact), the color of the rocks
has been altered from a normal reddish brown to greenish gray.
Coarse arkose and arkosic conglomerate that have been reduced
and exposed to weathering are often light gray to pinkish
gray due to kaolinization of the feldspars.

In many exposures the rock is either poorly indurated
or deeply weathered 6r both. 1In an excavation for a house on
Fomer Road, 1.0 mile southwest of Southampton village, arkosic
siltstone was excavated by bulldozer to a depth of 4.0 feet
with the same degree of difficulty encountered in excavating
loose sandy till or lacustrine clay.

Sedimentary structures encountered in the arkose consist
mainly of small- to medium-scale planar crossbedding, imbricated
bPebbles, and scour-and-fill structure, with occasional occur-

rence of ripples, mudcracks, worm burrows, and fossil wood. The
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coarse grain size and the prevalence of planar crossbedding
produced by the migration of dunes indicates conditions in
the upper portion of the lower flow regimq (Harms and Fahnes-
tock, 1965) during fluvial deposition of much of the arkose.
During the course of this study,fossil wood was found
in exposures of arkosic conglomerate which lie under and up-
stream from the highway bridge in Westfield where routes 10

and 202 cross the Westfield River.

An instructive outcrop of the Sﬁgaﬁlaaf'formafiéﬁ’fS“éitJ
uated on the east side“of”Coilége Highway (Route 10) 0.2 of a
mile south of Swanson Corners. In an exposure measuring 150
feet long and 6 to 10 feet high, fluvial crossbedding is ex-
posed in gray arkosic conglomerate (fig. 8A). Two crossbed
units are exposed which are each 36 inches thick. The matrix
consists of coarse sand to granules with isolated individual
pebbles, many of which lie horizontally but would be imbricate
to currents traveliﬁg down the crossbed slope. A large clast
of red arkosic shale measuring 2 feet in diameter and with
greenish-gray reduced areas lies at the base of one of the
crossbed units. The source of such a clast is suggested by
@ flame structure at the south end of the exposure (fig. 8B).
Here two pillow structures in the overlying conglomerate have
Pressed down into the red shale, producing a flame structure
Which has mushroomed one foot up into the conglomerate. Fur-

ther activity would have resulted in the isolation of a large



Figure 8- (A).

(B).

4

Outcrop of Sugarloaf Formation 0.2 of a mile
south of Swanson Corners. Fluvial crossbedding
and lenticular clast of dark colored shale are
at the left. Flame structure with mushroom
shape is at the right.

Detail of flame structure in Sugarloaf Formation.
Dark rock at bottom is reddish-brown shale which
has been forced into overlying gray arkose by
rapid loading of sediments during flooding. The
upper contact of the shale has been reduced to

a greenish-gray color by ground-water activity.






36

clast of shale within the conglomerate. Inspection of the
ared below the first clast mentioned above reveals red shale
under a crossbed unit, suggesting a possible source for the
_clast. The environment of this one locality during deposition
was one of high energy or flood conditions marked by rapid
loading of sediments.

The mean direction and dip of three measured crossbed
units is S. 52° E. and 31° respectively. (Note: the above
measurements are not corrqg;gg;fqp«pggiépalxgi;t). Because
most of the crossbedding dips away from the Cafboniferéus-
Triassic contact it appear;w;ﬁ;f fﬁe‘sourcgwékhéedimentévlay
west-northwest of the contact.

| An important outcrop of the Sugarloaf Formation was re-
vealed during construction for Interstate Highway 91 at the
Holyoke Narrows in the southwest corner of the Mount Holyoke
quadrangle. No exposure in the Mount Tom quadrangle is as
extensive and as free from the effects ffom weathering as this
one, which has been Qescribed by Brophy and others (1967).
The upper part of "the Sugarloaf Formation is exposed in a
650-foot section which stretches for 1,300 feet along I-91.
The rocks dip 22° to the southeast and are characterized by
two lithologies. One consists of boulder beds and sand lenses
interbupted at intervals by dark red hematite zones, which

Probably represent old soil zones on alluvial fans that were

Covered periodically by flash-flood deposits and mudflows.
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The other lithology contains fine-grained arkose with cross-
bedding, imbricated pebbles, and plant fragments, which are
characteristic of fluviatile deposition.

The thickness of the Sugarloaf Formation can only be es-
timated because of the scarcity of outcrops and exposures of
the Carboniferous-Triassic contact. Lack of knowledge about
the nature of the floor upon which the arkose lies also plays
a role. Inselbergs composed of crystalline rocks rise through
the Mdunt Toby Conglomerate in the Deerfield Basin, .indicating
that the base of the Triassic is irregular (Emerson, 1898b,
p.361; Willard, 1952; Wessel, 1969), and there is no reason
to expect anything different in the Mount Tom quadrangle. A
graphic solution to the problem can be made by relating a
3,700-foot boring at Northampton (Emerson, 18398b) to the con-
tact with the overlying Holyoke Basalt at the Holyoke Narrows.
Assuming (1) a minimum dip of 16° for the arkose ét'the Narrows
(a conservative estimate because the average is 22°), (2) a
constant dip for all of the arkose, and (3) a constant thick-
ness unaffected by faulting, the minimum thickness would be
6,500 feet.

In the Mount Tom quadrangle the outcrop width of the
Sugarloaf Formation is 5.0 miles, measured between the Will-
*iamsbﬁrg Granodiorite at the foot of Pomeroy Mountain and the
base of the Holyoke Basalt on East Mountain. Making the same

assumptions as in the previous paragraph, the thickness would



be 7,300 feet. Willard (1952) estimates the thickness of the
Sugarloaf Formation to be 6,000 to 8,000 feet in the Green-
field quadrangle. Bain (1941) suggests a thickness of 3,000
‘£o 6,800 feet for the same rocks in the Mount Holyoke quad-

rangle.

Problems of correlation

Schnabel and Eric (1964, 1965) and Colton and Hartshorn

(}966) have extended the use of the term '"New Haven Arkose"

(Krynine, 1936, 1950) northward into Massachusetts from Con= =

necticut to replace the term "Sugarloaf Formation"-{Emerson,-
1891; Willard, 1956) (fig. 9A). Extending the New Haven
Arkose beyond the northern limit of the Talcott Basalt is in
error according to the principle of arbitrary cutoff proposed
by Wheeler and Mallory (1953). The New Haven Arkose was ori-
ginally defined by Krynine (1950) to include those rocks be-
tween the western border of the Connecticut Valley lowland

Up to the base of the Talcott Basalt (Emerson, 18391). The
Shuttle Meadow Formation‘was named by Lehmann (1958) to include
those rocks between the top of the Talcott Basalt and the base
of the Holyoke Basalt. Any effort to extend the definition

Oof the New Haven Arkose to include rocks equivalent in age to
those in the Shuttle Meadow Formation is contrary to the prin-

ciples set forth by the American Commission on Stratigraphic

Nomenciature (1961).



Figure 9.

Stratigraphic diagrams illustrating the problem
of nomenclature of some upper Triassic rocks in
the Connecticut Valley Lowland. The deep cut at
the left represents removal of sediments by eros-
ion and separates rocks of the Deerfield Basin (L)

from rocks of the Hartford Basin (R) (compare
with figure 6).
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The solution to the problem could be simple, depending
on whether the Deerfield Diabase correlates with the Talcott
. Basalt or the Holyoke Basalt. The generally accepted corre-
lation has been that of McKee and others (1959), who equated
the Deerfield Diabase to the Holyoke Basalt. If this corre-
lation is correct,it would present a clean-cut situation
because the upper portion of the Sugarloaf Formation presum-
ably would be the time equivalent of the Shuttle Meadow Forma-
tion. Therefore, the Sugarloaf Formation would be the time
equivalent of part of the New Haven Arkose, all of the Tal-
cott Basalt and most of the Shuttle Meadow Formation.

Using an arbitrary cutoff (Wheeler and Mallory, 1953)
would solve the problem faced by Schnabel and Eric (1965) in
naming the rocks north of the last occurrence of the Talcott
Basalt in the Windsor Locks quadrangle (fig. 9B). At the
geographic point where thé Talcott Basalt disappears an arbi-
trary cutoff is extended perpendicular to the strike of the
beds. The Sugarloaf Formation should be extended southward
from its type locality to the arbitrary cutoff. South of the
arbitrary cutoff the original terminology, New Haven Arkose,
Taleott Basalt, and Shuttle Meadow Formation, should prevail
(table 1).

However, recent paleomagnetic research by deBoer (1968)

and Bowker (1960; data in deBoer, 1968) indicates that the
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Deerfield Diabase may be the time equivalent of the Talcott
Basalt on the basis of similar paleomagnetic inclinations.
A_DeBoer notes that his correlation is not conclusive because
both the Deerfield Diabase and the Holyoke Basalt have rela-
tively low inclinations, and there is considerable overlap in
the basic data.

If the Deerfield Diabase correlates with the Talcott
Basalt then the Sugarloaf Formation is the rock-stratigraphic
equivalent of the New Haven Arkose. Since the Sugarloaf was
named first it should take precedence over the New Haven Ar-
kose. This situation would also leave the upper several hun-
dred feet of the arkose without a formal stratigraphic name
between the north end of the Talcott Basalt and the point
where the Holyoke Basalt ends in the Belchertown quadrangle.

It is here suggested that if fufther research indicates
that the Deerfield Diabase is correlative in time with the
Holyoke Basalt,then the Sugarloaf Formation be extended south
to an arbitra;y cutoff determined by the northernmost exposure
of Talcott .Basalt. Further, if research proves that the Deer-
field Diabase does not correlate with the Holyoke Basalt, then
d new unit (unnamed here) be defined as those rocks lying be-
f tween fhe crystalline rocks to the west and north (Mt. Warner)
and the base of the Holyoke Basalt to the east (fig. 9C). The
b°undary on the south is the arbitrary cutoff at the north end

° .
°f the Talcott Basalt. An east-west boundary is placed between



crystalline rocks on the west and the westernmost extent of
crystalline rocks in the Mt. Warner area in order to separate
the Sugarloaf Formation in the Deerfield Basin from the new
unit in the northern end of the Hartford Basin.

Radiometric dating that bears on this problem is in-
conclusive at the present time. H. W. Krueger of Geochron
Laboratories, Inc., permitted deBoer (1968) to publish the
following dates:

Holyoke iava—flow unit, near type locality,193 e m.y.
Deerfield lava-flow unit, near type locality,lgl,t 6 m.y.

There is considerable overlap in these two dates, and the

Talcott Basalt has not been dated, therefore a solution to the

problem of correlation must await further work.

Holyoke Basalt

The Holyoke Basalt outcrops as a continuous band, 900 to
3,800 feet wide, which trends N. 18° E. from the center of the
southern edge to the northeast corner of the Mount Tom quad-
rangle (pli 1). The outcrop 1is part of a discontinuous ridge
that stretches west and then south a distance of 64 miles from
Dwight, Mass., to Meriden, Conn. At Meriden the ridge is off-
Set by faulting 5 miles to the east where it can be traced
Southward another 22 miles to the vicinity of New Haven; The
Holyoke Basalt is the best exposed rock unit in the quadrangle

Telative to the area it underlies. It is responsible for



spectacular west-facing cliffs on Mount Tom (fig. 10) and for
less scenic cliffs on East Mountain. The dip slope of the
Holyoke Basalt underlies the east side of the Mount Tom Range.
Ski trails at the Mount Tom ski area (Easthampton quadrangle)
run essentially on the dip slope of the Holyoke Basalt.

The Holyoke diabase sheet was named by B.K. Emerson

(1831, 1898a, 1917) for exposures on Mount Holyoke and the

Holyoke Rangeglocated in the Mount Holyoke quadrangle (table 1).
L

The Holyoke digbase was included as the Middle lava flow member
of the Meriden Formation by Krynine (1950). On the Preliminary
Geological Map of Connecticut (Rodgers and others, 13956) the
‘unit was listed as the Holyoke lava member of the Meriden
Formation. The U. S. Geological Survey and this report follow
the work of Lehmann (1359) who dropped the term Meriden Forma-
tion and raised each of the members of the Meriden Formation
to formational rank on the basis that each is a mappable unit
in the Middletown, Conn., quadrangle.

One main lith&iogy is represented by the Holyoke Basalt.
It is a medium to dark-gray, very fine- to fine-grained basalt
which changes to a light-brown color on the surface when ex-
Posed to weathering. The basalt is dense and homogeneous in
texture except for sporadic coarse basalt pegmatite lenses
that occur on the crest of the Mount Tom Range (fig. 5A)sand
Which have been reported in the Mount Holyoke Range by Emerson

(1817), Balk (1957), and Brophy and others (1968).

Ly



Figure 10.

M5

West-facing cliffs of Holyoke Basalt in the Mount
Tom Range. Both sheeting and columnar jointing
are prominent. Large and small slide blocks are
being supplied to the talus by frost wedging.

View is northward from a point near the boundary
of the Mount Tom and Easthampton quadrangles.

The Oxbow is located in the upper right. Vertical

joint block to therright of center is 17 feet
high.
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450 to 500 feet thick in the Middletown quadrangle. Klein
(1968) gives a general figure of 200 meters for the Holyoke
‘Basalt in Connecticut.

Calculations based on width of exposure and dip of strata
" at the Lane Quarry, Westfield, indicate a thickness of about
560 feet. However, within the quarry six normal faults cut
-the contact between the Holyoke Basalt and the Sugarloaf
Formation (fig. 126 and fig. 12B). The total stratigraphic
separation is approximately 60 feet, reducing the apparent
thickness to 500 feet. Because the faults parallel columnar
»jointing in the basalt their presence 1is easily overlooked,
51and therefore the true thickness may be much less. The out-
¢rop width narrows to 900 feet west of the Whiting Street Reser-
voir, indicating a thickness of about 225 feet. However, the
:reservoir prevents measurement of the actual outcrop width,
* and because structural relationships are not clear enough for
qccurate reconstruction of the thickness, the true thickness
;s probably much greater.

Both of the known extremes in the thickness of the Holy-
%ke Basalt, zero feet reported by Balk (1957, pl. 1) and 580
feet measured by Gutmann (1965), occur in the Mount Holyoke
Qadrangle. This indicates that there was at least 580 feet
‘Of Vertical relief in the Mount Holyoke quadrangle when the
ub1Y°ke Basalt erupted. Over most of a north south distance

Of
70 miles the Holyoke Basalt is continuous (except for

F‘"’ﬂ 1”/’“

fa
ultlng) and has a thickness between 300 and 500 feet. These



measurements reflect the flatness of the terrain upon which
the basalt was extruded and the extreme fluidity of the lava
when it erupted.

W. M. Davis (1896) discovered that the Holyoke Basalt
 is composed of two separate flow units in the vicinity of
Meriden and New Britain, Connecticut. This was later confirmed
by Lehmann (1959). In the Mount Tom quadrangle there is no
apparent evidence that the Holyoke Basalt consists of more
than one flowé Brophy and others (1967) have interpreted Gut-
man's study (f@GS) in the Mount Holyoke quadrangle to indicate
two separate flow units on the basis of grain-size variations.
Gutmann, however, was reluctant to distinguish two flows on
this basis.

The eruption that produced the Holyoke Basalt is gen-
erally considered to have been a fissure flood similar to erup-
tions that have occurred in Hawaii and Iceland within historic
times, and which occurred in the geologic past in the Columbia
Plateau in eastern Washington. The eruption was relatively
qQuiet and nonexplosive with the rapid flow of highly fluid
basic lava from long fissures or faults in the earth's crust.

Because they have the same paleomagnetic inclination as
the Holyoke Basalt, intrusions at West Rock, Mount Carmel, and

the Barndoor Hills in Connecticut could be related to fissures

Or possible sources for the Holyoke Basalt in that state (deBoer,

1968). No known intrusions have been identified in Massachu-

Setts as being possible sources of the Holyoke Basalt. However,
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the basalt was so fluid that the source area need not have been
large.

If we assume that the Hartford Basin was 17 miles wide
and 20 miles long and that the Holyoke Basalt had a constant
- [mean] thickness of 200 feet, then the volume erupted was about
45 cubic miles or 186 x 109 cubic meters. This estimate 1is
about 15.6 times greater than the volume of the famous Laki
Fissure eruption of 1783 in Iceland, which has been reported

by Bullard (1962) at 12 x 10° cubic meters.

East Berlin Formation

The East Berlin Formation (table 1) occurs as a band,
200 to 3,200 feet wide, which trends north-northeast from the
southern edge to the northern edge of the Mount Tom quadrangle
(pl. 1). Contacts of the East Berlin Formation with the under-
lying Holyoke Basalt on the west and with the overlying Hampden
Basalt on the east are apparently comformable. The average
dip of the formation is 15 to 20 degrees to the east-southeast.
Outcrops are common- except for the area south of the Massachu-
Setts Turnpike and in the vicinity of Ashley Pond.

The East Berlin Formation was named by Lehmann (1959)
for rocks that conformably overlie the Holyoke Basalt and con-
formably underiie the Hampden Basalt 1.25 miles west-northwest
of East Berlin, Connecticut. The type locality is located
along Highway'72, where the Hampden Basalt overlies 325»feet of

eXposed stratigraphic section. Rocks mapped as East Berlin
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Formation on plate 1 were originally mapped by Emerson (1898a).
Because Emerson included reddish-brown arkose west (strati-
graphically lower) of the Holyoke Basalt in the Longmeadow
Sandstone it is not considered to be a proper rock-stratigraphic
" name and has been dropped by the U. S. Geological Survey (Schna-
bel and Eric, 1964, 1965; Colton and Hartshorn, 1966).

Several lithologies of continental origin are found in
the East Berlin Formation. They are light to dark reddish-
brown to brown‘arkose and arkosic siltstone, gray arkosic silt-
stone and shalé, and black siltstone and shale. Arkosic con-
glomerate, pebbly arkose, and limestone constitute a minor
portion of the lithology.

Calculation of the thickness of the East Berlin Forma-
tion, based on outcrop width and dips of 15 to 20 degrees, in-
dicates values between 500 to 1125 feet. At the type locality
the formation is 550 to 600 feet thick (Lehmann, 1959), and
Krynine (1950) lists values of 750 to 900 feet for central Con-
hecticut. For the West Springfield quadrangle Colton and Hart-
shorn (1966) list the thickness as ranging from 700 to 1,200
feet. The higher calculated thickness for the East Berlin
FOrmation—in the Mount Tom and West Springfield quadrangles is
In part a function of repetition of beds caused by faulting.

The East Berlin Formation displays a wide variety of sed-
imentary structures. Mudcracks (fig. 13A) and oscillation rip-
Plemarks (fig..13B) are ubiquitous and iﬁdicate a depositional

environment alternating between shallow water and exposed mud-



Figure 13 (A).

(B).

Mudcracks in fine-grained calcareous siltstone
of the East Berlin Formation. Location is on
the west side of Interstate I-91 1.0 mile south
of the overpass to Mountain Park.

Oscillation ripplemarks (two directions) and
mudcracks in reddish-brown arkosic siltstone

of the East Berlin Formation. Location is in
an abandoned quarry 0.4 of a mile west-northwest
of the Holyoke 01d Soldiers Home.







































plugs was exposed in cross section during construction of Inter-
state I-91 and has been described in detail by Foose, Rytuba,
and Sheridan (1968). The volcanic plug, unfortunately named
the Mount Tom volcanic plug, consists of five separate flow
units plus a unit of tuff (fig. 16B). The fifth flow unit rises
vertically from the plug and turns horizontally to overlap two
earlier flow units. Light-colored tuff in turn covers part of
the fifth flow unit (Foose and others, 1968).

Since%I have not completed bedrock mapﬁing in the north-
east portioﬂ of the Mount Tom quadrangle, relationships between
the Hampden Basalt, the volcaﬁic plugs, and the extrusive vol-

canics are not yet clear.

Portland Arkose

The Portland Arkose (table 1) underlies the eastern and
8outheastern portions of the Mount Tom quadrangle (pl. 1). 1In
8pite of the fact that the arkose underlies 16 percent of the
&rea of the quadrangle it is the least well exposed rock unit.

The Portland Arkose was named by Krynine (1950) for a
Series of coarse-textured arkosic conglomerates and arkoses in
?the POPtlaﬁd, Connecticut, area. The Portland Arkose in the
5type locality is defined as those rocks that lie between the
.ﬁaampden Basalt on the west and the eastern border fault of the
Triassic Lowland. ;

Rocks mapped as Portland Arkose on plate 1 lie eaét of

. the '
- Hampden Basalt and extend eastward beyond the Mount Tom
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quadrangle and across the Springfield Morth quadrangle to the
vicinity of Wilbraham, Massachusetts (Emerson, 1917). In the
Mount Tom quadrangle the Portland Arkose includes rocks that
were originally mapped by Emerson (1898a) as Longmeadow Sand-
stone and Chicopee Shale. For reasons given on page 57 these
jatter two terms are no longer considered proper rock-strati-
graphic units. In the case of the Chicopee Shale, Emerson
(1898a) included in that unit gray siltstones and shales that
lie west of the Hampden Basalt, which is considered to be a
time-stratigraphic marker.

The same kinds of lithblogies found in the East Berlin
Formation occur in the Portland Arkose. They are reddish-
brown to brown arkose and arkosic siltstone, gray arkosic
siltstone and shale, and black shale. Ripplemarks and mud-
cracks are common sedimentary structures that indicate a de-
positional environment which fluctuated between shallow lacus-
trine and fluvial muaflat. The thickness of the Portland
Arkose is approximatély 3,400 feet in t+he Mount Tom quadrangle,
based on a maximum outcrop width of 12,700 feet and an assumed
average diﬁ of 15 degrees to the east-southeast.

Most exposures of the Portland Arkose are small and lie
along stream beds. The best exposure 1is inaccessible to the
Public as it lies on the Massachusetts Turnpike east of and
under the ovefpéss for Interstate I-91. .Reddish—brown arkose,

arkosi 3
sic siltstone and shale, and gray arkosic siltstone and



shale all display ripplemarks and mudcracks on the same bed-
Ading plane surfaces. The rocks, exposed over a distance of
300 feet horizontally, strike N. 14° E. and dip 13 degrees to
the east-southeast.

Surficial geology

Direction of ice movement

The long axes of 21 drumlins and data from 28 striation

localities and 4 till-fabric studies are plotted on figure 17. -

Directional data are concentrated in the eastern half of the
Mount Tom quadrangle. More striation localities occur in the
eastern half of the quadrangle because of resistance to weath-
ering and erosion of the bedrock. The lower portion of the
Sugarloaf Formation, which underlies the lowland west of the
Holyoke Basalt ridge, is easily susceptible to weathering.

In the eastern half of the quadrangle the upper portion of the
S“garloaf Formation, the Holyoke Basalt, portions of the East
Berlin Formatioﬁ, and the Hampden Basalt are all resistant to
"eathering. Striations formed on these latter formations have
had a good opportunity to survive postglacial weathering if they
.Vere Covered by a small amount of glacial debris (p. 16).

;; The long axes of drumlins show a consistent north-south
qlineatlon whereas striations and till- fabrlc data are less
eonSlStent belng spread over a broad range (due west to S. 55°

E
). This is believed to be due to the fact that the drumlins
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Figure 17.

Outline map of Mount Tom gquadrangle showing dir-
ectional features produced by the movement of
the last ice sheet (see text for discussion).
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were molded during maximum activity of the ice when movement
was essentially due south. On the other hand, striations and
till fabrics were formed much later than the drumlins, pre-
sumably just prior to stagnation and disappearance of ice from
a particular locality.

While the drumlins were being formed east of the basalt
ridge, deep erosion was occurring in the lowland west of the
ridge (p.91 ). The concentration of drumlins east of the ridge
may be related in part to the fact that the velocity of the
ice was retarded by the basalt ridge during maximum activity
of the ice. |

Ice movement was southward, as indicated by directional
features plotted on figure'l7. Roche moutonnée forms, crag
and tail, and indicator boulders have not been plotted on
figure 17, but these features support the contention that ice
movement was to the south and not to the north. Roche moutonnée
forms (figs. 19 to 21) and crag and tail (fig. 22A) are discussed
on pages 80 to 88.

Erratics of the Belchertown Tonalite have been carried
Southward into the Mount Tom quadrangle from outcrops in the
Northeast portion of the Easthampton quadrangle and the south-
€ast portion of the Williamsburg quadrangle (in figure 2 the
tonalite underlies the easternmost portion of the New England
Uplang northeast of Florence). In the field, the tonalite is

jmedium~to coarse-textured granitic rock that appears to be com-
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posed mostly of white feldspar (plagioclase) and dark- green
to black amphibole (hornblende) with minor amounts of quartz
and biotite. Erratics of the tonalite have been moved south-
" ward and lifted 1,000 feet vertically to the crest of the
Mount Tom Range (fig. 18) and are common both east and west
of the basalt ridge.

Erraticé of the Portland Arkose, East Berlin Formation,
and volcanic éocks associated with the Hampden Basalt are not
found north or west of the Holyoke Basalt ridge. On the other
hand, erratics of the Sugarloaf Formation are common on and
east of the basalt ridge.

The largest erratic encountered during mapping is lo-
cated on the south end of a small drumlin just west of Snake
Pond., It is a block of pebbly arkose from the Sugarloaf For-
mation, 25 feet long, 20 feet wide, and 10 feet high, and rests

on till.

Glacial erosion
Small-scale features

All of the Mount Tom quadrangle was glaciated by the
last ice sheet. Striations trending S. 10° E. occur near the
Ssummit of Mount Tom at an elevation of 1,205 feet, indicating
that glacial abrasion was effective at that elevation. Stria-
tions ang roche moutonnée forms are common on recently exposed

basalt surfaces at an elevation of 1, 130 feet near the top of
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Figure 18. Erratic of Belchertown Tonalite resting on pave-
ment of Holyoke Basalt on the crest of the Mount
Tom Range. Location is at an elevation of 1,100
feet near the summit of Deadtop, 0.85 of a mile
N. 14° E. of the summit of Mount Tom. A smaller
erratic of tonalite was found above 1,200 feet
elevation on the summit of Mount Tom. The nearest
‘outcrop of Belchertown Tonalite occurs 6.0 miles
to the north.
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Many small basins, presumed to be formed by glacial
scour and plucking, occur on the Holyoke Basalt and are oc-
cupied today by ponds or swamps.

On a very much larger scale, the origin of the large
subsequent valley, 1.0 to 1.5 miles west of and parallel to
the Holyoke Basalt ridge, has been a topic of debate since the
time of Edward Hitchecock (1841). A misconception, still popu-
lar among some local people, is that the Connecticut River
carved out this valley when it flowed southward on the west
side of the basalt ridge ,and that since the retreat of the
last ice sheet the Connecticut River was diverted through the
water gap at the Holyoke Narrows. This concept requires that
the ice sheet or the Connecticut River,or both, formed the water
gap at the Holyoke Narrowssince advance of the last ice sheet.
There are many drawbacks to this idea, not the least of which
is the fact that the western lowland of the Triassic valley is
eéssentially a blind passage to the south with no apparent out-
let for a stream the size of the Connecticut.

B. X. Emerson (1898b) put the matter to rest in a logical
Scientific statement that points out that each of the water
8aps in the Holyoke Basalt ridge is occupied by the Connecticut
River or by one of its major tributaries such as the Deerfield,
the Westfield, -or the Farmington River. His idea was that an
integrated drainage system with the Connecticut as its trunk or

maj ¥ .
Aln stream was superimposed upon the present structure and topo-
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graphy from a higher erosion surface. When the main stream
and its tributaries cut down into the underlying rocks they
did so at a rate that allowed them to cut through the Holyoke
Basalt and adjacent sedimentary rocks. After each of several
glaciations during the Pleistocene, the Connecticut and its
tributaries reoccupied each of the original water gaps. In
none of the water gaps does the stream flow directly on bedrock,
showing that the water gaps are not now being deepened by the
streams occupying them (Emerson, 1898b). This suggests that
each of the water gaps has been overdeepened by glacial erosion
and has subsequently been fillea in by debris during deglaci-
ation.

Much evidence (Emerson, 1898b; Jahns, 1966 and 1967;
Jahns and Willard, 1942; Foose and Cunningham, 1968; Saines,
1971) indicates that the Connecticut River in Massachusetts is
not flowing in the same channel today that it did immediately
Prior to advance of the last ice sheet. However, there is no
evidence suggesting that the Connecticut River and its tribu-
taries did not occupy their water gaps prior to the last glaci-
ation. The trend of the buried channel of the Connecticut
River at South Hadley (Emerson, 1898b; Saines, 1971) indicates
that it was formed by a stream that occupied the Holyoke Narrows.
- If we accept the fact that the buried channel is pre-last gla-
cial in age it supports the contention that the ancestral Con-

Necticut River occupied the Holyoke Narrows prior to the last

glaciation.
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In addition, evidence from recent borings and well data
suggests that the large subsequent valley west of the basalt
ridge owes its bottom topography to glacial erosion in nonre-
sistant rock. Figure 23 shows elevation of bedrock or till
at the bottom of selected borings (solid circles) along the
axis of the valley in question. A profile of this data (fig.
24) reveals an undulating bedrock surface with a vertical re-
lief of at least 100 feet. It would be impossible for a portion
of any stream to cut 225 feet (the difference between the -85
foot boring and the 140-foot boring to the south) deeper than
the adjacent downstream portion of the same stream. Since a
glacier is a geologic agent that is known to erode sizable
closed depressions, the boring data suggest that the subsequent
valley was overdeepened by the continental ice sheet when it
encountered erodable rock in the Sugarloaf Formation.

As is common elsewhere in glaciated terrain, the deepest
basins occur just upglacier from major constrictions. The
deepest boring on figure 23 (elevation -95 feet at the Oxbow)
Occurs with several other borings that reach below sea level
about 1.6 miles northwest of the Holyoke Narrows, which itself
has a U-shaped profile when viewed from the northwest. The
Next deepest boring (elevation -85 feet between Mount Tom and
Whiteloaf Mountain, fig. 23) occurs on the upglacier portion
°f the constriction between Whiteloaf Mountain on the west and

East Mountain. This phenomenon is due to increase in the velo-



Figure 23.

Za

Outline of the Mount Tom quadrangle and the southern
portion of the Easthampton quadrangle showing eleva-
tions on bedrock or till-covered bedrock. Solid
circles denote elevation at point of refusal in
borings, most of which bottomed in bedrock. In some
borings it was not ascertained whether the boring
ended in bedrock or till. Crosses denote surface
elevations on higher ground. See figure 24 for
profile of topography and bedrock surface.
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