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GEOLOGY FOR ENVIRONMENTAL PLANNING IN THE 
BRATTLEBORO-WINDSOR REGION, VERMONT 

By 
David P. Stewart* 

INTRODUCTION 

The Vermont General Assembly in 1970 ap-
proved Public Act No. 250, An Act to Create an En-
i'iron mental Board and I),.strict Environ men (a I Corn-
missions, and the State of Vermont was thus committed 
to a program for the conservation, protection and 
improvement of the environment. The law, better 
known simply as Act 250, was a major commitment 
by a small and essentially rural state to regulate to a 
significant degree selective activities, such as the use 
of land, water and air, that have a direct influence on 
environmental quality. Act 250, at the time of its 
enactment, was a progressive model for environ-
mental planning inasmuch as the extent of its cover-
age, the commitment of the state government and its 
provisions for enforcement surpassed the laws of all 
other states with the possible exception of Hawaii 
and California. The law is predicated on the supposi-
tion that the right of a citizen to "do as he pleases" is 
limited by the necessity to legislate for the common 
good. 

Act 250 created an Environmental Board and re-
quired the board to establish a state capability and 
development plan, a state land use plan, and provide 
guidelines for land use and development. The re-
quirements of this law were acted upon with little 
delay and a Land Capability Plan, which included 
general land use, was completed in 1972. A land use 
and development law, The Capability and Develo/nnen I 
Plan, (Public Act No. 85), was enacted by the General 
Assembly in 1973 in accordance with the guidelines 
submitted by the Environmental Board. 

In spite of the enthusiasm for Act 250 by the 
state and local governments, there has been much 
opposition to the environmental emphasis by certain 
segments of the population. The law has inhibited 
and slowed down real estate development, has re-
quired the approval of several agencies for all types 
of land use, has restricted the construction of such 
facilities as ski resorts, and has limited the use for 
which farm land can be bought and sold. Those that 
oppose the law have not been, to date, successful in 
their efforts to have it modified or appealed. The ad-
versaries, however, are becoming increasingly better 
organized, and it remains to be seen whether or not 
pressure will force the General Assembly to ease the 
restrictive sections of Act 250 and Act 85. It seems 
assured, however, that the state government's com-
mitment to a program for environmental quality will 
continue into the foreseeable future. 

Environmental quality is a matter of choice. 
There are those who insist that the freedoms enjoyed 
by the people of this country should not be limited at 
any cost. Others, particularly those concerned about 
the environment, believe that restrictions are neces-
sary to maintain the quality of the land, water and air; 
to prevent the exhaustion of natural resources in-
cluding the soil; and to halt the general degradation 
of the landscape. In Vermont, this conflict is chiefly 
concerned with controlled vs. uncontrolled develop-
ment, preservation of natural beauty, pollution of 
land, water and air, and the inherent problems of a 
rugged terrain. 

This report is the seventh of a series that have re-
sulted from studies sponsored by the Vermont 
Geological Survey to supply the geologic information 

*De partment of Geology 
Miami University 
	

7 
Oxford, Ohio 



ne(essary for certain aspects of environmental plan-
ning. The purpose of these reports is to present this 
information in a condensed and modified form so 
that it can be used by environmental planners. The 
present report attempts to describe and explain the 
geologic conditions of the Brattleboro-Windsor re-
gion, and to outline and summarize these conditions 
on a series of large-scale maps. The field investiga-
tions for this study were completed by the writer, 
assisted by David Scanlon and James E. Miller, dur-
ing the summer of 1974. The work was under the 
direct supervision of Dr. Charles G. Doll, State 
Geologist. 

The accumulation of geologic data is an essential 
prerequisite to many facets of environmental plan-
ning. All environmental problems that involve the 
movement of water, the supply of ground water, the 
strength of earth materials and the reserves of earth 
resources are related to the geology of the sub-
surface. These factors, in turn, are controlled by the 
texture of rock and soil, the degree of metamorphic 
change, the fractures in the rock, the ability of earth 
materials to hold and transmit water, and the plas-
ticity of the unconsolidated sediment above bedrock. 
The availability of water and the pollution of water 
supplies are related to the movement of liquids. The 
thickness, strength and stability of surficial material 
determines their suitability for foundations for heavy 
construction. In addition, special consideration must 
be given to the location of economically important 
geologic resources when planning for land use. It 
is the intent of this report to explain how these 
specific factors are influenced by the geologic con-
ditions of the Brattleboro-Windsor region and how 
they relate to the environmental problems of that 
area. 

The environmental geology program has been 
in progress for five years. The regions that have been 
studied to date have been selected because of the 
estimated potential growth of those regions. The 
initial study was completed in the Barre-Montpelier 
region (Stewart, 1971), the second in the Rutland-
Br;tndon region (Stewart, 1972), and the third in the 
Burlington-Middlebury region (Stewart, 1973). 
Frank M. Wright, lII,joined the program in the sum-
mer of 1973. During that field season, studies were 
completed in the Johnson-Hardwick region (Wright, 
1974) and the Milton-St. Albans region (Stewart, 
1974). In 1974, Wright studied the Bennington-
Manchester region and the writer, the Brattleboro-
Windsor region (this report). The two reports are 
scheduled for publication in 1975 (Figure 1). 

The region about which this report is concerned 
is in the extreme southeastern corner of the state. 
The area is a long, relatively narrow strip that ex-
tends north and south along the west side of the 
Connecticut River from the Massachusetts border to 
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Figure 2. Index map showing the location of quadrangles, town-
ships, cities and villages of the Brattleboro-Windsor 

region. 



the vicinity of Windsor, a distance of approximately 
55 miles (Figure 1). In an east-west direction the re-
gion lies between the Connecticut River and the line 
marking the longitude 72° 45' (west). The width is 
15 miles at the Massachusetts line, narrows to 10 
miles at Brattleboro, widens again north of Brattle-
boro and is 19 miles at Windsor. Included in this re-
gion are the Ludlow and Saxtons River quadrangles, 
the Brattleboro quadrangle except for a small area 
in New Hampshire, the Vermont sections of the 
Bellows Falls and Claremont quadrangles and small 
areas of the Keene quadrangle to the east and the 
Colrain, Bernardston and Northfield (seven and one-
half minute) quadrangles along the southern border 
(Figure 2). The region has a predominantly rugged 
topography inasmuch as it includes portions of the 
Green Mountain and the New England Upland geo-
morphic provinces and elevations range from very 
low (200 to 400 feet) along the major streams to rela-
tively high (2000 to 3000 feet) on the mountain 
crests. 

Development and growth in the Brattleboro-
Windsor region has not been excessive in recent 
years. Growth that has occurred has been mostly 
rural. Whereas the population of Windham and 
Windsor counties has increased more or less steadily 
over the past twenty years, the population of all of 
the villages with populations of over 1,000 have de-
creased in the past decade (Vermont Secretary of 
State, 1970). The recent rural trend is interestingly 
illustrated by the water-wells drilled in the region. 
Records for approximately 2,500 water-wells drilled 
in this region have been filed with the Vermont De-
partment of Water Resources since 1967. A plot of 
the well locations shows that the water-wells are 
fairly evenly distributed over the whole region with 
the greatest concentrations being in the stream valleys 
and least in areas of more rugged terrain. 

The Vermont Secretary of State population re-
port of 1970 lists Brattleboro and Springfield, both 
unincorporated villages, as two of the ten urban 
areas of the state with population in excess of 5,000. 
The term "urban area" may seem to be a misnomer in 
this case since both villages had populations of less 
than 10,000 (Brattleboro, 9,005; Springfield, 5,632) 
in 1970 and both are located in counties with total 
populations of less than 50,000 (Windham, 33,476; 
Windsor, 44,082). Urbanization has definitely started 
in these centers, however, and it seems inevitable that 
they will develop as bonafide urban centers. The 
Bellows Falls, Chester and Ludlow sections are also 
developing and will probably become urban centers 
in the not too distant future. Shopping centers, eat-
ing and lodging accommodations, real estate develop-
ment and a few new industrial plants are already ap-
pearing in all of these areas at a slow but definite rate. 

As the Brattleboro urban area grows, this de-
velopment will extend to include Vernon to the south 
and Putney to the north and up the West River to 
Townshend and Jamaica. The Springfield area will 
expand up and down the Black River to include 
North Springfield and Perkinsville and northeast-
ward to the Connecticut River. The development in 
the Ludlow area is already concentrated along the 
Black River from Cavendish to Plymouth and as ex-
pansion continues it will be in the directions away 
from the river, particularly southward. The Bellows 
Falls and Chester areas will probably merge into a 
single urbanized region inasmuch as growth will con-
centrate along the Williams River. Expansion from 
Bellows Falls is also progressing up the Saxtons River 
and will soon include the village of Saxtons River. 

Growth in the Windsor area has been spotty. 
The village of Windsor and its environs have not ex-
perienced the growth of most sections. There has 
been growth, however, in the Ascutney Village area 
to the south of Windsor Village and around the vil-
lages of Brownsville and Feltchville to the west of it. 
The pattern of the development around Mt. Ascut-
ney is not yet apparent. It is probably, however, that 
this section will eventually develop into one or more 
small population centers. There has been much rural 
development in the Westminster area and this section 
will probably remain more or less rural until it 
gradually merges with the Brattleboro Urban Center 
to the south and the Bellows Falls area to the north. 

Interstate Highway (1-9 1) crosses the Brattleboro-
Windsor region in a north-south direction following 
closely the Connecticut River. The highway route 
passes near Brattleboro, Bellows Falls, Springfield 
and Windsor and is therefore quite accessible to all 
areas of the region. When completed, this highway 
will extend from the Canadian border at Derby Line 
to New Haven, Connecticut on Long Island Sound. 
As a result, the Brattleboro-Windsor region is in easy 
access to the urban centers to the south in Massa-
chusetts, Rhode Island and Connecticut, and New 
York City is no more than a six hour drive away. It 
could be said that Brattleboro is now in commuting 
distance of Boston and Springfield, Massachusetts, 
and Hartford, Connecticut. The area to the south in 
Massachusetts and Connecticut is becoming more and 
more urbanized as expansion away from the cities 
continues at an ever increasing rate. At the present 
time, the southern, eastern and central sections of 
Massachusetts have already developed to the point 
that urban characteristics are common all over these 
areas. As this expansion continues, mostly northward, 
it will eventually extend into southern Vermont. 
Many would say, and no doubt rightly so, that the 
migration into southern Vermont, and into the 
Brattleboro-Windsor region in particular, has already 
begun. 



It seems a foregone conclusion, therefore, that 
this region will grow and develop at an increasing 
rate. Environmental planning is therefore advisable. 
Planning is not to impede the development, but to 
assure that it takes place in an orderly manner and 
to insure adequate facilities for such growth. 

EXPLANATION OF THE PLANNING MAPS 

The planning maps (Plates I through VII) in 
the pocket at the end of this report summarize in 
simplified form the investigations made during this 
study. It is intended that the maps constitute a major 
portion of this report and that the chief purpose of 
the text is to explain the geology and the principles 
on which the mapping was completed. The maps 
show the classification of the surface material, the 
kinds of bedrock, the ground water potential, the 
suitability of various sections for specific uses and 
the distribution of sand and gravel deposits. The 
color legend of certain maps (Plates III through VI) 
using green for go, yellow for caution, and red for 
stop is a modification of a color-scheme developed by 
the Illinois Geological Survey (Hackett and McConas, 
1963; Jacobs, 1971). The areas shown in green on 
the maps are interpreted as offering minor problems 
and minimum limitations. Sections shown in yellow 
have moderately complex problems and fairly severe 
limitations, but the problems are, as a general rule, 
controllable. These areas require detailed study to 
ascertain the limitations and to determine the re-
quired controls. Areas legened in red have severe 
limitations and many problems that are impractical 
to overcome. These areas should be avoided in most 
cases. Where two or more symbols are used for the 
same color, y-I and y-2 for example, it is to show dif-
ferent conditions with different problems, but not 
necessarily more, or less, limitations. The maps of 
necessity are quite generalized and do not eliminate 
the need for detailed study of each locality as de-
velopment is anticipated. 

The maps of the surficial material (Plate I) and 
the bedrock map (Plate II) show the distribution of 
the various kinds of surficial material and bedrock. 
Certain materials, such as sand and gravel, have been 
combined inasmuch as they have similar characteris-
tics insofar as environmental problems are con-
cerned. Each kind of surface material and bedrock, 
as legened on the maps, has particular characteristics 
that need emphasis for planning. 

The planning maps for solid waste, septic tanks 
and general construction conditions are, of course, 
based on the most up-to-date concepts as viewed by 
this survey at this particular time. It must be admitted, 
however, that there is debate among authoritative 
sources as to the correct environmental interpretation  

of the geology in each of these cases. Different 
geologists and planners have conflicting views on 
many aspects of these environmental problems, and 
undoubtedly many concepts will change in the 
future. For these reasons, the boundaries of the dif-
ferent units on each of the maps are, in most cases, 
essentially the same as the boundaries between the 
different kinds of material. In addition, the explana-
tions of the map describe the characteristics of the 
surficial material used for interpretation. The pur-
pose of this method of classification, plus the in-
clusion of a surficial material and a bedrock map, is 
to make the maps usable for planning by those that 
prefer an interpretation based on different concepts. 

GEOLOGIC SETTING 

The major portion of the Brattleboro-Windsor 
region lies within the New England Upland geo-
morphic subdivision of the Appalachian Highlands 
as defined by Fenneman (1938, p. 358) and Thorn-
bury (1965, p.  161), and Jacobs (1950, p.  79), in his 
physiographic description of the state, designated 
this section the Vermont Piedmont. The eastern 
slopes of the Green Mountain geomorphic subdivi-
sion, nevertheless, do extend into the region along 
the northern two-thirds of the western border 
(Figure 3). Tectonically, the entire region is located 
in the Crystalline Appalachian Province as delineated 
by King (1959, p.  47). The boundary between the 
New England Uplands and the Green Mountains, as 
described in this report (Figure 3), is based on the 
rock structures and the tectonic subdivisions of the 
Centennial Geologic Map of Vermont (Doll, Cady, 
Thompson and Billings, 1961) rather than on the 
topography and other geomorphic features as was 
done by Jacobs (1950). 

The boundary between the Green Mountains and 
the New England Uplands in this region is not con-
spicuous at the surface, except in the Ludlow section, 
inasmuch as the bedrock in both subdivisions is very 
complex, the topography is quite rugged, and the 
elevations on the higher crests of the uplands are 
almost as high as the eastern crests of the mountains. 
Jacobs (1957, p.  73) stated that the Green Mountains 
extend almost to the Connecticut River in the ex-
treme eastern part of the state, and if only the topog-
raphy and elevations are considered, this is not an 
unreasonable statement. In this report and on the 
geomorphic map (Figure 3), the higher, more rugged 
segments of the uplands, bordering the Green Moun-
tains on the east, are designated the Green Mountain 
foothills to emphasize their rugged character. This 
is strictly a geomorphic subdivision since the structure 
and bedrock of the Green Mountain foothills is 
exactly the same as the remainder of the New Eng-
land Upland. 
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Figure 3 Geomorphic subdivisions and major topographic 
features of the Brattleboro-Windsor region. 

The New England Upland, including the Green 
Mountain foothills, is a plateau-like region that has 
been dissected by streams and crossed by several in-
vasions of continental glaciers. Because of the stream 
dissection, the topography is in many places quite ir-
regular and often rugged. This is particularly true in 
the Brattleboro-Windsor region. The rocks of the 
uplands were originally stratified sedimentary and 
volcanic but they have subsequently been folded, 
faulted and metamorphosed. In addition, the meta-
morphic rocks have been intruded by numerous 
plutons composed of both light and dark colored ig-
neous rock. The topography of the uplands is pre-
dominantly erosional, and the resulting surface re-
flects such varying geologic factors as the differential 
hardness of the rock, the courses of the streams, and 
the rock structure. Mt. Ascutney and Little Ascutney 
mountains, for example, are high and rugged be-
cause they are composed of more resistant, intrusive 
igneous rock (Figure 4). Putney and Windmill moun-
tains are composed of resistant, steeply dipping 
quartzite. Hawks Mountain, however, located south 
of the Black River between Perkinsville and Caven-
dish, seems to have remained high chiefly because the 
major drainage of the area has not, as yet, greatly 
affected it. This is partly due to the drainage pattern 
and partly the result of recent drainage changes that 
are discussed later in this report. Glaciation has also 
helped to shape the land surface, but glacial erosion, 
as a general rule, tended to smooth out the topog-
raphy rather than make it more rugged. 

The Connecticut River, along the eastern border 
of the region, has cut a valley into the New England 
Upland that shows little influence of the structure of 
the bedrock. In most sections, the river valley is 
narrow attesting to the fact that downcutting by the 
river into the complex bedrock has been a very slow 
process and that the river is still in the downcutting 
stage. The tributary streams have kept pace with the 
Connecticut River in the downcutting of their val-
leys, at least in their lower reaches, and therefore the 
stream gradients, in general, are low near the con-
fluence with the master stream. The tributary valleys, 
nonetheless, have steep sides and rugged topography 
adjacent to them. The upper reaches of the tributary 
streams have steep gradients as they flow from the 
Green Mountains or the foothills on the east side of 
the mountains. 

Structurally, the New England Upland in south-
ern Vermont is a portion of a large structural depres-
sion that lies between the Green Mountains uplift on 
the west and the Bronson Hill-Boundary Mountain 
uplift of New Hampshire. This downwarped struc-
ture, that parallels the eastern flank of the Green 
Mountains throughout its length, is named the 
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Figure 4 Mt. Ascutney. Picture token looking northwest from State Route 131 two miles east of Amsden. 

Connecticut-Gaspe synclinorium. It is called a syn-
clinoriuni because it is not a simple downfold but in-
stead it is made UI)  of a series of upfolcls and down-
folds that are superimposed upon it. In the Brattle-
boro-Windsor region these structures include two 
dowiifolds or synclines separated by uplifts in the 
form of domes (Figure 5). The Townshend-Browirig-
ton syncline (downfold) follows the eastern base of 
the Green Mountains the entire length of Vermont. 
In the southern two-thirds of the Brattleboro Quad-
rangle, the axis of this structure lies to the west of the 
region, but it enters near Newfane Village and fol-
lows the base of the mountains northward (Figure 5). 
The Brattleboro syncline (downfold) parallels the 
Connecticut River in the eastern part of the region. 
This structure is similar to the downfold to the west 
and extends along the Connecticut River from the 
Massachusetts line south of Guilford Village to the 
northern border of the region just west of the village 
of Windsor (Figure 5). Three domes, called the 
Chester, Athens and Guilford domes, occupy the up-
folded section of the region between the two down-
folds. The Chester Dome is the largest of these struc-
tures, and it extends from the northern border of the 
region southward to the vicinity of (;rafton. The 
dome was formed by an uplift of the basement rock 
that underlies the whole region, and erosion has sub- 

sequently exposed this ancient, complex rock. The 
Athens Dome is a southward continuation of the 
same structure that forms the Chester Dome. The 
basement complex is exposed in the crest of this 
structure that trends south-southwest from near 
Grafton to Newfane Hill. In the extreme southern 
part of the region, the Brattleboro syncline is bor-
dered on the east by the Vernon Dome that lies 
mostly in New Hampshire and the Guilford Dome to 
the west. The Guillord Dome, situated between the 
two synclines, is the smallest of the domes in the 
region (Figure 5). 

Green Mountains 

The size of the area covered by the Green Moun-
tains in the Brattleboro-Windsor region is so small 
that they hardly merit discussion in this report. The 
influence of the mountains, however, on several 
aspects of the environment, particularly the runoff, is 
so important that some consideration of them is 
deemed necessary. The Green Mountains are the 
most conspicuous element of the topography 
throughout Vermont and occupy a major portion of 
the southern part of the state. The mountains have 
the highest elevations, the most rugged terrain, and 
the greatest influences on the drainage than any other 
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Figure 5. The generalized structures of the bedrock in the 
Brattleboro-Windsor region. 

feature of the state. Structurally the mountains are a 
huge, complex anticlinorium composed of highly 
metamorphosed rock. The uplift is called an anti-
clinorium because the great arch has a series of up-
folds and downfolds superimposed upon it. Only the 
eastern limb of this structure is found in the region 
of this report. 

In the Brattleboro-Windsor region, the highest 
elevations are on Ludlow Mountain, west of Ludlow 
village, where the summit of the eastern range of the 
mountains rises above the 3300-foot contour. Tiny 
Mountain, west of Echo Lake, has a crest elevation 
above 2800 feet. South Mountain, southwest of Lud-
low village is slightly more than 2700 feet high, Ter-
rible Mountain 2900, and Turkey Mountain, north 
of West Townshend, 2100 (Figure 4). 

Environmental Significance of Structure 

The above short discussion of the geologic struc-
tures of the New England Upland and the Green 
Mountains attests to the fact that the whole region 
has been exposed to multiple episodes of mountain 
building causing the rocks to have been folded, 
faulted, jointed, crushed and broken. Since the rocks 
are metamorphosed, they do not contain pore space 
between the grains in which water can be held or 
through which water can move. Water can only be 
held in the rock fractures of various kinds and can 
move only through these fractures. This is important 
as it relates to the ground water supply. Equally im-
portant, however, is the fact that water is not filtered 
as it moves through the fractures in the rock adding 
to the gravity of the pollution problems posed by 
solid waste and septic tank installations. These aspects 
of the rock properties and their bearing on environ-
mental planning will be treated at length in later 
sections of this report. 

DRAINAGE 

The Brattleboro-Windsor region is located be-
tween the Connecticut River that borders it on the 
east and the Green Mountains to the west. Therefore 
all of the streams of the region flow in a generally 
eastward direction and are tributaries of the Connec-
ticut. The larger streams, as a rule, head on the east-
ern slopes of the mountains or in the foothills and, as 
a result, they usually have a steep gradient at least in 
their headwaters. The drainages are none-the-less 
quite complicated and present problems in most 
areas that must be reckoned with in environmental 
planning. 

The drainage in the northeastern corner of the 
region is complicated by the steep slopes of Mt. 
Ascutney and Little Ascutney Mountain. According 
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to the topographic map, two separate streams drain 
the north and south slopes of the Ascutney uplift and 
both of the streams are named Mill Brook, Jacobs 
(1950, p.  133) stated that there are at least eight Mill 
Brooks in Vermont and there are probably more in-
asmuch as there are five streams bearing that name in 
the Brattleboro-Windsor region. To avoid con fusion, 
the two streams north and south of Mt. Ascutney are 
designated Mill Brook (North) and Mill Brook 
(South) as shown on the map of the drainage basins 
(Figure 6). The other Mill Brooks have the name of 
the townships in which they occur in parenthesis, 
Mill Brook (Townshend) for exam pIe. 

Mill Brook (North) enters the region about a mile 
north of Hammondsville and flows in a southeasterly 
diretion to the foot of Little Ascutney Mountain and 
then eastward along the northern base of Mt. As-
cutney. One mile south of the village of Windsor, the 
stream turns north and flows through a gorge, called 
the narrows, to Mill Pond at Windsor village. From 
Mill Pond the stream flows east to the Connecticut 
River. Mill Brook (North) therefore drains the sec-
tion east of Hammondsville and north of the crests of 
Little Ascutney Mountain and Mt. Ascutney (Figure 
6). Mill Brook (South) is a very short stream that 
heads high on the south slope of Mt. Ascutney, just 
below the lookout tower, and drains the southern 
slopes of the mountain and a small area south of it 
that extends to the vicinity of Weathersfleld. 

The Black River, a major drainage system of the 
Brattleboro-Windsor region, heads in Woodward 
Reservoir about five miles north-northwest of the 
point where it enters the region near Lake Amherst. 
It flows southward through Amherst, Echo, and Res-
cue lakes and Reservoir Pond to the village of Lud-
low where it turns east and flows through Smithville, 
Proctorsville and Cavendish villages and then east-
northeast to the vicinity of Downers. The river valley 
from the mouth of Elm Brook, two miles north-north-
east of Cavendish village, is steep and narrow in-
dicating that this section of the valley is more recent 
than the valley from the headwaters to Cavendish. 
The River at some former time must have flowed 
through Proctorsville (;ulf, and possibly through 
Duttonsville Gulf, and then southward via the present 
course of the Williams River. From Downers, the 
Black River flows south to Perkinsville, then east for 
a mile and one-half, and southward again to North 
Springfield. Then the river flows southeast through 
Springfield village to the Connecticut River. Major 
tributaries of the Black River include: Bryant Branch 
that flows off the Green Mountain slopes and enters 
the river two miles north of Ludlow village; Twenty-
mile Stream that drains the uplands north of Proc-
torsville and Cavendish villages; and the North 
Branch of the Black River that heads in the town of 

Figure 6. Map showing the drainage basins of the Brottleboro-
Windsor region. 
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Reading and flows southeastward through the vil-
lages of South Reading, Feltchville and Amsden to 
enter the master stream one mile east of Perkins-
ville (Figure 6). The North Branch was the major 
drainage system east of Cavendish prior to the re-
routing of the Black River through Hawks Moun-
tain. The Black River valley downstream from 
Downers was undoubtedly cut by North Branch dur-
ing that phase of the drainage history. 

The Black River thus drains the eastern slopes of 
the Green Mountains north of Bear Hill (three miles 
south of Ludlow village) and all of the northwestern 
part of the Brattleboro-Windsor region north of Bald 
Hill (two miles south of Proctorsville) and west of 
Little Ascutney Mountain. From Bald Hill, the divide 
between the Black River basin and the drainage basin 
to the south trends southeastward to the crest of 
Litchfield Hill (three miles southwest of Springfield) 
and then northeast to near the mouth of the river 
(Figure 6). 

The drainage basin of the Williams River lies im-
mediately to the south of the Black River basin and 
as explained above, they were probably at one time 
parts of the same basin. Like the Black River, the Wil-
liams River heads in the Green Mountains and flows 
across the total width of the Brattleboro-Windsor 
region. The main branch heads on the slopes of 
Terrible Mountain along the western border of the 
region and flows generally eastward through the 
Green Mountain foothills to the vicinity of Gassetts. 
At Gassetts, the stream turns south and flows through 
the village of Chester and then southeastward to 
enter the Connecticut River three miles north of 
Bellows Falls. The Middle Branch of the Williams 
River heads in the town of Londonderry east of 
North Windham. It flows in a northward direction 
from North Windham to Simonsville and then east-
ward to join the main branch immediately east of 
Chester. The South Branch heads one-half mile 
southeast of North Windham and flows generally 
east-northeast for approximately seven miles to flow 
into Middle Branch one mile southeast of Chester vil-
lage. The topography of the sections drained by the 
headwaters of the main branch west of Gassetts and 
the total length of the Middle and South branches is 
quite rugged inasmuch as they flow through the 
Green Mountain foothills. As stated earlier, the boun-
dary between the uplands and the mountains in this 
area is not conspicuous because of the height and 
ruggedness of the uplands along the mountain front. 

Saxtons River is a relatively short stream and its 
drainage basin lies wholly within the Brattleboro-
Windsor region (Figure 6). The stream heads in the 
hilly terrain between the villages of Windham and 
North Windham. From its headwaters, the river 
flows eastward through Houghtonville, but two miles  

east of the village it turns to the southeast and flows 
through the villages of Grafton, Cambridgeport, 
Saxtons River, and North Westminster and joins the 
Connecticut River in the southern part of Bellows 
Falls village. Two major tributaries, South Branch 
and Bull Creek drain the sections south of Grafton 
and Cambridgeport respectively. The gradient of the 
river is high in the headwaters, dropping approxi-
mately 1000 feet before it reaches Grafton. Between 
Grafton and Saxtons River, however, the gradient is 
much lower but it steepens again near Bellows Falls. 
Most of the latter drop is southeast of Bellows Falls 
where the stream plunges over a falls held up by the 
resistant strata that form Oak Hill north of the river 
and Bald Hill to the south of it (Figure 7). 

A more or less continuous ridge that trends north 
from Black Mountain through Putney and Windmill 
mountains to the Saxtons River divide northwest of 
Westminster West forms a divide that separates the 
West River drainage basin from a section drained 
by several small streams that flow into the Connec-
ticut River (Figure 6). The eastern slopes of this 
divide are drained chiefly by Morse, Mill (West-
minster) East Putney, Sacketts, Mill (Putney), Canoe, 
and Salmon Brooks. 

The West River is the largest tributary of the 
Connecticut River in southeastern Vermont. Ac-
cording to Jacobs (1950, p.  160) the river rises in the 
town of Mt. Holly, has a total length of 40 miles, and 
flows through Londonderry and Jamaica townships 
before it enters the Brattleboro-Windsor region a 
mile west-northwest of the village of East Jamaica. 
From East Jamaica the river flows northeast for two 
miles to West Townshend where it turns to the south-
east and follows that general course to the Connec-
ticut River at Brattleboro. Drainage of the Brattle-
boro-Windsor region by the West River is mostly 
due to the tributary streams that flow into it from the 
north and south. Turkey Mountain and Tannery 
brooks drain the section north of East Jamaica and 
West Townshend. Turkey Mountain Brook heads in 
the vicinity of Windham and flows south through 
South Windham, draining the west slopes of Turkey 
Mountain, and enters the West River one-half mile 
west of East Jamaica. Mill Brook (Townshend) drains 
the area north of the village of Townshend. Grassy 
Brook heads in Hedgehog Gulf (three and one-half 
miles north of Brookline village) and flows southward 
through a deep valley between Putney Mountain on 
the east and Crane Mountain on the west and joins 
the West River one and one-half miles east of New-
fane village. Several small streams drain the south 
side of the West River between West Townshend and 
Newfane village. The largest of these is Wardsboro 
Brook that flows out of the mountains north of New-
fane Hill, joins Smith Brook north of Newfane vil- 
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Figure 7. Falls of the Saxtons River one mile south-southeast of Bellows Falls. 

lage, and flows into West River two miles south of the 
village. 

The Rock River is a major tributary of the West 
River that enters the region from the west two and 
one-half miles west of South Newfane and joins the 
West River two and one-half miles south of New-
fane village. The total length of the Rock River in this 
region is about six miles, but two tributaries are 
major drainages of that section. Baker Brook, that 
flows into the Rock River from the northwest at Wil-
liamsville, drains the south slope of Newfane Hill 
and the north slope of Oregon Mountain. Marlboro 
Branch of the Rock River drains the section south of 
South Newfane. 

The Green Mountain foothills west of Brattle-
boro village are drained by Whetstone Brook that 
heads a mile west of Marlboro village and flows east-
southeast to Brattleboro. In Guilford Township, the 
Green Mountain foothills are drained by Broad 
Brook that starts on the west side of Governors 
Mountain and flows eastward through the village of 
Guilford to the Connecticut River. 

The southern margin of the region is drained by 
streams that flow south into Massachusetts. East 
Branch of North River flows across the extreme  

southwestern corner of the region (Figure 6). The 
Green River drains a large area in Halifax and Guil-
ford townships. Drainage at the southern border of 
Guilford township flows into the headwaters of the 
Falls River, and the drainage of the southwestern 
corner of Vernon township flows into the Connec-
ticut River via Newton Brook. 

SURFICIAL MATERIAL 

The surficial material of the Brattleboro-Windsor 
region was deposited during and immediately follow-
ing the (;reat Ice Age. These materials include un-
sorted debris that was deposited directly from the 
ice, stratified sands and gravels transported and de-
posited by meltwater streams flowing from the melt-
ing glaciers, and sediments deposited in lakes that 
were formed because glacial deposits dammed the 
Connecticut River valley to the south. It is believed 
that most of the surficial materials were deposited 
during the Shelburne Stade of the Wisconsin Glacial 
Stage that preceded the last Wisconsin Glaciation in 
Vermont. Deposits of the earlier Bennington Stade, 
however, are present in the southern part of the re-
gion (Stewart and MacClintock, 1969, p.  47-58; 1970). 
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Figure 8. Stratified outwash sand and gravel exposed in a pit one and three-fourths miles north of Ascutney village. 

The lake deposits were made in Lake Hitchcock that 
occupied the Connecticut River valley and the tribu-
tary valleys during and after the recession of the 
Shelburne glacier. A morainal deposit across the val-
ley in the vicinity of Middletown, Connecticut, formed 
the dam that blocked the drainage. 

The surface material with the largest areal extent 
in the region is glacial till, an unsorted glacial debris 
deposited directly from melting ice. Because till is un-
sorted, it is composed of particles of all sizes ranging 
from clay to large boulders. There are two different 
kinds of till in the Brattleboro-Windsor region. Much 
of the surface is covered by a loose, sandy till, but in 
some areas the till is dense and compact. The loose 
till is more sandy than the dense till but, in general, 
both contain a higher percentage of sand and a lower 
content of clay than do the average tills found else-
where. Tills usually have a very low permeability be-
cause they are unsorted and contain much fine-
grained material, but the sand content of the tills in 
this region, particularly the loose till, allows them to 
transmit liquids at a slow to moderate rate. The till 
cover on the uplands is usually thin, less than 10 feet, 
and large areas of bedrock are exposed at the sur-
face. It may be much thicker in the valleys. 

Outwash is stratified glacial drift that was de-
posited by meltwater streams. It contains a high con-
tent of well sorted sands and gravels (Figure 8). Out-
wash has a high permeability and is a good water-
bearing material. Kame terraces are outwash de-
posits that form along a valley wall or along a moun-
tain slope. The deposits have a terrace form with a 
relatively flat top. The terraces were deposited in 
contact with ice on their outer side and they can 
usually be identified by the slumping structures that 
developed as the ice melted. Kames are rounded hills 
of outwash that were also deposited in contact with 
ice. A valley train is a deposit of outwash on the floor 
of a stream valley. These deposits are usually hori-
zontally bedded and do not contain ice contact struc-
tures. 

Lake sands and gravels, including beach and delta 
gravel, are shallow water deposits that are generally 
well sorted. These sands and gravels have good per-
meability, but the permeability varies depending on 
the amount of silt and/or clay contained in them. 
Ordinarily, the gravel is at the top and is much thin-
ner than the sand underlying it, and both the sand 
and gravel occur above silts and clays. In the Brattle-
boro-Windsor region, lake sands and gravels, par- 
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Figure 9. Stratified lake sand exposed in a pit three miles south-
west of Springfield village. 

ticularily sands, are the most common surface ma-
terial in the larger stream valleys (Figure 9). 

Lake silts and clays are fine textured bottom sedi-
ment. These materials have a relatively high porosity 
and have the capacity to hold large quantities of 
water. They are so fine grained, however, that the 
permeability is low and they do not yield the water 
contained in them. Lake silts and clays are exposed at 
the surface in only a few small areas of the Brattle-
boro-Windsor region, but they commonly occur be-
low lake sands and gravels in the stream valleys and 
are exposed in most of the small stream valleys that 
flow into the Connecticut River (Figure 10). 

Recent alluvium is a post-glacial deposit de-
posited by streams. It usually forms a layer on the 
surface of the valley floor that ranges from 5 to 25 
feet in thickness. It may be composed of fine, silty 
sediment with varying amounts of clay or it may be 
predominantly sand. Alluvium is a low-strength 
material that must be removed to have a satisfactory 
foundation for heavy construction. 

Peat and muck are deposits made in swamps and 
other poorly drained areas. They are composed of a 
high percentage of organic material. Most of these in 
the Brattleboro-Windsor region are in small, isolated 
swamps occupying small depressions in the surficial 
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Figure 10. Lake clay exposed in the valley of Mill Brook (Put-
ney) one mile south of Putney village. 

material or bedrock. 

BEDROCK 

As has already been stated in this report, all of 
the rocks, except some of the igneous intrusions, of 
the Brattleboro-Windsor region are quite complex 
and highly metamorphosed (Figure 11). The meta-
morphism of the rocks resulted from the several epi-
sodes of mountain building and igneous intrusion 
that formed the geologic structures. All such rocks 
are complicated and confused by the fact that new 
minerals are formed and recrystallization occurs dur-
ing the metamorphic process. The number and kind 
of different minerals formed is dependent upon the 
composition of the original rock, new substances 
added by gases and solutions, the intensity of the 
pressures, and the temperatures generated by the 
great stresses. It is assumed that the metamorphism 
of the rocks was caused by regional stresses inasmuch 
as the more intense metamorphic zones parallel the 
Green Mountain anticlinorium and the Connecticut 
River-Gaspe synclinorium. Most of the metamorphic 
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Figure 11. Folded and faulted schistose bedrock. Exposed in a road cut along State Route 30 one mile northwest of Brottleboro village. 

rocks are foliated since recrystallization formed 
platy and elongate minerals that were aligned parallel 
to the bedding of the original rock by movement 
along the bedding planes. 

The bedrock map prepared for this report (Plate 
II) is not a geologic map in the usual sense of the 
word, because it does not use formation names, 
geologic sequences, or age relationships. This survey 
believes that these aspects of a geologic map are not 
of significant importance to planning and that they 
are too technical for use by the personnel of most 
planning agencies. The bedrock map of this report 
(Plate II), therefore, shows the lithologies of the 
rocks, their physical description, and their significant 
chemical properties. These are the rock characteris-
tics that are most applicable to environmental plan-
ning. It is believed that the map, modified from the 
Centennial Geologic Map of Vermont (Doll, Cady, 
Thompson and Billings, 1961) will prove to be more 
practical for planning use. If more detailed geologic 
information is desired, it is available on the Cen-
tennial map. 

The oldest rocks of the Brattleboro-Windsor re-
gion are those that make up the basement complex  

that is exposed along the (;reen Mountain front and 
in the Grafton and Athens domes. These ancient, 
complex rocks, that are assumed to underlie most of 
New England, were uplifted with the mountains and 
domes to form the cores of these structures. Many 
geologists now believe that these rocks are the same 
as those that occur in the Adirondack Mountain re-
gion of New York State and known to geologists as 
the Grenville Series. The basal complex is an intricate 
mixture of schists and gneisses with large amounts of 
quartzite and small amounts of limestone and dolo-
mite marble. The mineralogy is complicated by the 
large number of minerals that were formed as a re-
sult of several different intervals of metamorphism. 

Quartzite is a very hard, massive rock formed by 
the metamorphism of sandstone. It has been changed 
to the degree that the quartz (silica) has recrystallized 
but no new minerals have formed. The rock is com-
posed predominantly of quartz and is therefore very 
resistant to both chemical and physical weathering 
and erosion. For these reasons, it often forms the 
crests of the hills and mountains. Quartzite is often 
highly fractured in the Brattleboro-Windsor region 
and usually occurs interbedded with less resistant, 
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foliated rock. 
Dolomite marble (designated dolomite on the 

bedrock map) is a carbonate rock containing mag-
nesium in addition to calcium. The magnesium in 
the composition of dolomite marble makes it some-
what harder, more resistant to physical weathering 
and erosion, and less susceptible to chemical decom-
position than limestone marble. Dolomite marble is, 
however, slowly dissolved by acid waters. The occur-
rence of dolomite marble in the Brattleboro-Windsor 
region is in short, narrow bands in a few small locali-
ties. 

The other metamorphic rocks of the region are 
foliated and composed of varying amounts of slate, 
phyllite, schist, gneiss and greenstone. The chief 
differences among these rocks are the degree of 
metamorphism, the texture, the thickness of the folia-
tion, and the mineral composition. Slates and phyl-
lites are very fine textured and finely foliated (Figure 
12). Since both are formed by the metamorphism of 
shale, they contain mostly clay-type minerals. The 
physical and chemical characteristics of these two 

Figure 12. Slate exposed in an old abandoned quarry in Dum-
merston State Park. One-half mile south of Brattle-
boro village. 

kinds of rocks are so similar that they do not need to 
be separated for environmental consideration. Schist 
has a texture and foliation almost as fine as phyllite 
but the composition is quite different. The common 
platy and elongate minerals in the schists of this re-
gion, that produce the foliation, are the dark-colored 
micas, amphiboles and pyroxenes. Gneiss has a com-
position similar to schist except that it contains a 
higher proportion of minerals that are massive (not 
platy or elongate) and therefore it has a coarser folia-
tion (Figure 13). Amphibolite has the physical charac-
teristics of schist but it is composed predominantly 
of the mineral amphibole (hornblende). Greenstone 
is corn 1osed largely of the mineral chlorite that gives 
it a green color and a foliation similar to schist. 

The rock legended calcareous schist on the bed-
rock map contains such a high calcium carbonate con-
tent that it is designated a limestone on the Cen-
tennial Geologic Map of Vermont. The rock, how-
ever, has physical characteristics that are more like 
schist than limestone and these were thought to be 
more significant to the environment. The fact that the 
rock contains much calcium carbonate and biotite, 
both very susceptible to chemical decomposition, 
make the rock one of the least resistant to chemical 
weathering and erosion. 

In general, the foliated metamorphic rocks of the 
Brattleboro-Windsor region are very difficult to dif-
ferentiate by visual inspection or in the field because 
they appear to be so similar. These rocks have similar 
characteristics insofar as their reaction to weathering 
and erosion except that the slates and phyllites are 
more resistant to chemical decomposition than the 
other rocks. 

Igneous rocks occur in isolated localities through-
out the region. These have been formed by igneous 
intrusions at various times throughout geologic his-
tory. The igneous rocks occur in structures that differ 
in size from small tabular-shaped bodies that in-
vaded the rock fractures to large plutonic masses 
such as those forming Black Mountain and Mt. As-
cutney (Figures 14 and 15). Some of the igneous 
rocks are light-colored whereas others are the dark 
varieties. 

SURFACE WATER 

The surface water potential of the Brattleboro-
Windsor region is limited inasmuch as there are few 
lakes and ponds of sufficient size to supply large 
quantities of water and the Connecticut River and 
the lower reaches of the major tributaries are too 
polluted at this time to be considered as possible 
water supplies. State governmental agencies do have 
an ambitious program under way to decrease stream 
pollution, and it does seem that some progress is be-
ing made. But, progress is slow, opposition to re- 
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Figure 13. Complex gneiss bedrock exposed in a quarry one mile southeast of East Dummerston 

Figure 14. Light-colored, tabular-shaped igneous intrusions into gneiss bedrock. Exposed along State Route 30 four miles 
north-northwest of Brattleboro village. 
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Figure 15. Massive granite intrusion exposed in a quarry on the west slope of Black Mountain across the West River from West 

Dummerston. 

stri(tion is increasing and there is such a long way to 
go that this survey could not make a reliable projec-
tion concerning future possibilities. 

The lakes with the greatest water potential are 
those in the Black River valley north of Ludlow. The 
river, as already stated, flows through Amherst, 
Echo and Rescue lakes and Reservoir Pond and a 
few small streams also flow into these bodies of water. 
The source of the water, therefore, is mostly surface 
drainage rather than ground water springs. These 
lakes have a high water potential, in case the water is 
ever needed, but planning should start immediately 
if this water is to be reserved for future use. The 
land surrounding the lakes is mostly privately owned 
and there has been considerable development along 
the shores. This survey does not know the present 
classification of the water, but it is assumed that pollu-
tion has already begun. To assure a clean water 
supply in future years, modifications of the present 
practices would have to be enacted to clean up the 
water and future development would have to be 
restricted to keep it clean. The streams that flow into 
these lakes, the upper Black River plus Buffalo, 
Patch and Kingdom brooks would also have to have 
restricted development. Other lakes and ponds of the  

region are quite small, but some might have good 
possibilities as water supplies. These are: Tiny Pond, 
west of Tyson; Burbees Pond, south of the village of 
Windham; Athens Pond, southwest of Athens vil-
lage; Kenny Pond, northwest of Newfane Hill; and 
South Pond, south of Marlboro village. 

The headwaters of the streams that have sources 
in the Green Mountains or in the Green Mountain 
foothills are also possible sources of surface water. 
These streams include: Branch Brook, west of Lud-
low village; headwaters of the three branches of the 
Williams; the Saxtons River, west of Grafton; Turkey 
Mountain Brook, north of East Jamaica; Wardsboro 
Brook, northwest of Newfane village; Baker Brook 
northwest of Williamsville; Marlboro Branch, north 
of Marlboro village; Halladay and Whetstone brooks, 
northwest of Brattleboro village; Broad Brook, south-
west of the village of Guilford; and the headwaters of 
the Green River in Guilford and Halifax townships. 
Since most of these streams are in the western, more 
rugged, part of the Brattleboro-Windsor region, the 
demand for water has not been great and they have 
never been considered as possible water sources. As 
the region develops, however, these sources may be 
needed. To have these waters available for future use, 
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Figure 16. Minards Pond, water supply for the town of Bellows FoIls. One mile northwest of Bellows Falls village. 

it will be necessary to reserve the water by restricting 
development along the watersheds of the streams. 

The development of the surface water on the 
Green Mountain and the foothill slopes would mean a 
relatively expensive initial investment inasmuch as it 
is assumed that the demand for water will be mostly 
in the Connecticut River valley and the lower valleys 
of the major tributaries. The development of the 
surface water would involve the acquisition of land, 
the construction of water catchment and water stor-
age facilities, and the laying of pipeline to carry the 
water to the area of use. After the initial cost, how -
ever, the maintenance of such a system would be 
less than other types of water supplies. A detailed 
study of the projected water needs and the advisa-
bility of reserving certain streams for future water 
supply is needed in this region. 

The towns of Bellows Falls and Brattleboro have 
water systems that exemplify the possibilities of sur-
face water. Minards Pond has been the water supply 
for Bellows Falls for the past 103 years (Figure 16). 
The pond has an area of 475 acres and a maximum 
depth of 54 feet. Over the years the town has pur-
chased land that includes the watersheds of the sur-
face drainage that supplies the pond. The town now  

owns 1,000 acres, mostly north of the pond, and the 
present capacity of the system is over 200 million gal-
lons per day, about four times the present demand. 
The town of Brattleboro has used the Pleasant Valley 
Reservoir for many years as a water supply. The 
reservoir, located three miles northwest of Brattle-
boro village, has a forested watershed that is owned 
and maintained by the town. Recently, the town has 
acquired Sunset Lake, located four miles northwest 
of the reservoir, as an additional supply. As needed, 
the water is diverted to the reservoir, partly by way 
of the natural outlet Stickney Brook. These two sys-
tems, that have consistently kept pace with increased 
demands, demonstrate how a surface water system 
can be efficiently maintained. 

GROUND WATER 

In an effort to ascertain the ground water poten-
tial of the Brattleboro-Windsor region, data were 
collected, evaluated and assimilated from many dif-
ferent sources. The most useful information used for 
this purpose came from water-well records, seismic 
investigations, field observations and the Ground 
Water Favorability Map of the river basins (Hodges and 
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Butterfield, 1968a and 1968b). 
Water-well records have been required of all 

drillers in Vermont since 1966. These records are 
on open file at the Vermont Department of Water 
Resources, and they are available to planners. The 
well records supply information concerning the 
depth to bedrock, the depth of each well, the material 
(sediment or bedrock) that yields the water, and the 
amount of water produced at each location. The 
water-well data also assists in the location of buried 
valleys, the selection of suitable locations for seismic 
studies, and in ascertaining, in a general way, the 
regional water-bearing characteristics of the bedrock 
and surficial material. 

Eleven locations were selected for seismic inves-
tigations where well-log and field data indicated good 
ground water potential and where additional in-
formation was desired. Seismic information is useful 
in that it delineates the width, depth, and shape of the 
valleys, the location of buried valleys, the depth of 
the water table and the generalized sequence of the 
surficial material above bedrock. In this region, the 
seismic studies were designed to specifically ascer-
tain some of the significant characteristics of the un-
consolidated sediment in the stream and buried 
valleys. Using seismic data alone, material may be 
placed into broad classifications based on the veloci-
ties of the seismic wave transmitted through them. 
Each velocity does not, however, have a unique ma-
terial classification, but most unsaturated sediment 
and bedrock has a definite velocity range. Most 
saturated sediment and bedrock, regardless of tex-
ture, have the same velocity range. For these reasons, 
it is advantageous to have records of water-wells lo-
cated nearby for correlation with the seismic data. 
Certain seismic profiles made during these investiga-
tions are difficult to interpret because there are no 
records of wells located in the vicinity. In these cases, 
test drilling is recommended for more reliable results. 

Most bedrock has a seismic velocity above 12,000 
feet/second and this is considered high because it is 
much higher than any unconsolidated sediment. 
Compact, dense glacial till may have a velocity as high 
as 8,00() feet/second, but most Vermont tills have a 
lower range. Alluvium, stream sediment on the val-
ley floor, has seismic velocities ranging between 800 
and 2,000 feet/second. Unconsolidated sediment that 
is saturated with water, regardless of the texture, 
usually has a seismic velocity range between 4,000 
and 5,500 feet/second. Velocities between 4,800 and 
5,300 feet/second is the usual range for unconsoli-
dated sediment containing ground water in quanti-
ties large enough for a municipal water supply. The 
seismic work completed during this survey was done 
by the Weston Geophysical Engineers, Inc. of 
Westboro, Massachusetts, under the direct super- 

vision of Mr. Thomas Sexton and Mr. David Ross. 
The Weston Geophysical Engineers also supplied the 
seismic profiles reproduced in this report. The exact 
location of each seismic profile is shown on the maps 
in Appendix A of this report. 

The available ground water data prior to 1966 
and the interpretation of that data was obtained 
from the Ground Water Favorabilit' Map of each 
stream system prepared by Hodges and Butterfield 
(1968a and 1968b). These maps show the most 
favorable areas for ground water based on the best 
information available at the time. They also show the 
location of high yield wells and specify the type of 
water aquifer for each. Highway Department drill-
hole records are also located and described. It is not 
intended that the Ground Water Potential Map of 
this report (Plate III) will supersede the favorability 
maps. The favorability maps have been most useful 
to this study and the data they contain are quite 
accurate. 

There are two modes of occurrence of ground 
water in the Brattleboro-Windsor region. These are 
the water contained in the fractures in the bedrock 
and the water in the unconsolidated sediment in the 
stream and buried valleys. The most important of 
these is undoubtedly the unconsolidated sediment 
although the yield of most of the wells in the sedi-
ment for which records are available is not much 
greater than those in the bedrock. It is the conten-
tion of this report that the water-wells in the un-
consolidated sediment of the valleys could have a 
much higher yield if different methods, such as 
surging and screening, were used in the well. Most 
wells drilled thus far have been for domestic use and 
the yield has been adequate. But, if more water is re-
quired, it is believed the yield can be greatly in-
creased by more up-to-date methods. 

As has already been stated in this report, the 
rocks of the Green Mountains and the New England 
Upland are metamorphosed and recrystallized and 
they contain little or no pore space between the min-
eral grains that would give the rocks a capacity to hold 
or transmit water. it follows, therefore, that these 
rocks would produce little or no water if they were 
not fractured. The fractures are open at the surface 
and water can readily pass through them. The width 
of the fractures decreases downward, however, and at 
a depth of 300 to 400 feet most of them are usually so 
tight that they either do not contain water, or the 
water is held by capillary action. The fractures trend 
in all directions and intersect at different depths, and 
for this reason the water they contain is commonly 
under hydrostatic pressure and rises in the well and 
occasionally overflows. Water-wells producing from 
fractures, as a general rule, have very low yields that 
range from 2 to 15 gallons of water per minute with 
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an occasional well with a yield as high as 50 to 60 
gallons per minute. The mountains and uplands of 
the region, except for the valleys, have bedrock ex-
posed at the surface or the bedrock cover is a thin 
layer of glacial till with low permeability and there-
fore the fractures in the rock are the only source of 
ground water. Some of the valleys even have till or 
low permeability lake clay and silt covering the valley 
floors or the bedrock is barren of sediment, and bed-
rock is the only source of ground water. Enough 
water can usually be obtained from the bedrock to 
supply a one-family home, a farm or a small busi-
ness, but rarely will the yield be enough for even a 
very small community. 

Ground water that occurs in rock fractures is 
most susceptible to contamination. Water filtering a 
short distance through unconsolidated sediment or 
rock will usually filter out any organic pollution con-
tained in it. But the same water may travel for miles 
through the fractures in the rock without any puri-
fication. There is little or no filtering action as the 
water moves through the fractures. Equally im-
portant is the fact that, once contamination occurs, 
there is no filtering action to remove the contami-
nants and therefore control and abatement are most 
difficult. For these reasons, one of the most im-
portant aspects of environmental planning is to pre-
vent pollutants from ever entering the rock fractures. 
The bedrock is by no means impervious. 

The ground water potential in the Connecticut 
River valley of the region is, in general, a hit and miss 
proposition. The valley usually has a sedimentary 
fill that ranges in thickness from zero in some areas 
to over 300 feet in others. The depths are unpredict-
able since they change rapidly from place to place. 
The sediment in the valley is predominantly lake 
sediment and, in spite of the wide occurrence of 
sand and gravel at the surface, the bulk of the sedi-
ment below surface is lake clay and silt. Gravel, how-
ever, commonly occurs above bedrock and below the 
lake clays and silts in the valley. Well record studies 
show that the gravel may not occur at all or that it 
may be as much as 30 feet in thickness. Near West-
minster Station, for example, a driller's log reports 8 
feet of gravel at the surface, 150 feet of clay below 
the surficial gravel and 12 feet of gravel below the 
clay. The well did not penetrate bedrock so the total 
thickness of the gravel is not known. The yield of this 
well is 11 gallons per minute. Another well in the 
same section penetrates 305 feet of lake clay and then 
3 feet of gravel and yields 40 gallons of water per 
minute. This is a common occurrence along the river 
the length of the Brattleboro-Windsor region. The 
genetic classification of the gravel in the bottom of 
the valley is not understood, but it seems logical to 
assume that it is at least in part outwash that was de- 

posited as the ice melted in the valley. This is the 
reason that the valley deposits are all shown on the 
ground water map in yellow, except for patches of 
green, even in areas where lake clay is exposed at the 
surface (Plate III). 

There are areas along the Connecticut River 
where the sedimentary fill in the valley is chiefly sand 
and gravel. These sections are shown in green on the 
ground water map (Plate III). In the Windsor section 
of the valley, the terrace on which Mill Pond is lo-
cated is composed of sand and gravel that has a thick-
ness in excess of 90 feet. The town of Windsor has 
a water-well just north of Mill Pond that is 90 feet 
deep, bottoms in sand and gravel and yields 1140 gal-
lons of water per minute (Hodges and Butterfield, 
1968a). Insofar as yield is concerned, this is the best 
well in the whole region, and it illustrates the water-
producing possibilities of the valley sediment. In the 
Ascutney section, the sediment is predominantly 
sand and some wells penetrate as much as 165 feet of 
this unconsolidated sediment. 

South of the Williams River in the town of 
Rockingham, the sand and gravel in the Connecticut 
River valley is up to 165 feet in thickness. At the vil-
lage of Bellows Falls, according to Hodges and 
Butterfield (1968a) the village has a well 70 feet 
deep in sand and gravel that yields 500 gallons per 
minute. The sediment in the vicinity of Westminster 
Station, as stated earlier, is an interesting mixture of 
lake clay and gravel. There is a narrow strip along 
the river, however, that well records show to be gravel 
over 40 feet in thickness. Another narrow strip along 
the river just north of the mouth of West River has a 
sand and gravel fill that is as thick as 158 feet. 

The section along the Connecticut River that has 
the greatest water potential is in Vernon Township. 
Well records in this area, that extends northward 
from the Massachusetts line to a point three and one-
half miles upstream from Vernon village, show the 
unconsolidated sediment to be sand and gravel that 
varies from 25 to 100 feet in thickness. The wells do 
not have high yield, but it is believed that there is a 
very good water potential in this section. 

The Black River valley north of Tyson, at the 
south end of Echo Lake, is shallow and filled with 
non-permeable sediment. South of Echo Lake, how-
ever, the valley is quite deep and the sediment in the 
valley, according to driller's reports, is mostly gravel. 
One well on the west side of Rescue Lake penetrates 
237 feet of gravel and does not reach bedrock. East of 
Reservoir Pond, south of Rescue Lake, wells that do 
not reach bedrock are bottomed in gravel at depths 

p to 160 feet. These wells yield 10 to 75 gallons per 
minute. A well near the mouth of Branch Brook 
shows gravel to a depth of 180 feet. These data show 
a very good ground water potential in the Black River 
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Figure 17. 	North-south seismic profile across the Black River valley. One-fourth mile east of the village of Ludlow. 
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Figure 18. East-west seismic profile across the Black River valley. One-half mile south of Downers. 

valley between Ludlow village and Tyson. Between 
the village of Ludlow and Cavendish village the well-
record data is incomplete since there have been only 
a few wells drilled in this stretch of the valley. Avail-
able records of two wells in the vicinity of Smithville 
show gravel to a depth of 60 feet. A seismic profile 
across the valley a quarter of a mile east of the Lud-
low village limit, however, indicates a wide, shallow 
valley with a maximum depth of 80 feet (Figure 17). 
The surface of the valley sediment is composed of 10 
to 20 feet of alluvium overlying saturated sediment 
with a seismic velocity of 5,000 feet/second. Since 
wells just east of this traverse have gravel, it is as-
sumed by this survey that the material at Ludlow is 
also gravel. 

East of Cavendish, the Black River, as noted 
earlier, flows through a narrow, steep valley that is 
younger than the valley upstream. In some of this 
distance, the river is on bedrock and in other section 
till. There does not seem to be any sediment in this 
part of the valley that would contain water in large 
quantities. At Downers, the river joins the former 
valley of North Branch and again has characteristics 
of an older stream. A seismic profile across the valley 
one-half mile south of Downers shows the maximum  

depth of the buried valley to be 90 feet and the sedi-
ment below 10 to 15 feet of low velocity alluvium to be 
saturated sediment assumed to be sand and gravel 
(Figure 18). 

South of Perkinsville the data concerning the 
sediment in the valley are scattered. According to 
Hodges and Butterfield (1968a), 120 feet of sand and 
gravel fill the valley at North Springfield. The town 
of Springfield has two well fields in the valley one 
mile downstream from North Springfield and the 
wells here produce large quantities of water from 
gravel at depths ranging from 20 to 60 feet. Down-
stream from Springfield the valley fill is shallow and 
mostly fine grained. 

The headwater of the Williams River, west of 
Gassetts, is in rugged terrain and the stream is still 
downcutting. The valley is therefore steep and nar-
row with bedrock exposed along much of the channel. 
Between Gassetts and North Chester the valley is 
much wider but it is still quite shallow and the valley 
fill is mostly fine textured. At North Chester, accord-
ing to well-data, the valley is 45 to 50 feet deep and 
filled with gravel which extends down valley to the 
rapids in the river near the mouth of Hall Brook, two 
and one-half miles southeast of Chester Depot. A 
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seismic profile across the valley two miles southeast of 
Chester village shows a wide valley with maximum 
depths of over 65 feet (Figure 19). It is assumed that 
the valley fill at this location, with seismic velocity of 
5,500 feet/second, is sand and gravel. There are no 
wells in this vicinity with which to correlate, however, 
and a test well is needed along the traverse to defi-
nitely ascertain the texture of the unconsolidated 
sediment. 

A short section of the river valley in the vicinity 
of Bartonsville is filled with sandy sediment and is 
believed to have good water potential. Downstream 
from Bartonsville the valley is filled with lake silts 
and clay below a thin veneer of sand and gravel. 

The middle branch of the Williams River south 
of the Windsor-Windham county line, a mile north of 
North Windham, is shallow in most sections and filled 
with till in others. North of the county line, however, 
the valley deepens to over 100 feet and is filled with 
gravel. In the vicinity of Simonsville, the valley is over 
160 feet deep. A seismic profile one and a half miles 
east of Simonsville indicates a valley over 80 feet 
deep with sediment having seismic velocity of 5,500 
feet/second (Figure 20). It is believed this area has a  

good water potential. The South Branch of the Wil-
liams river flows through rugged terrain and has a 
narrow, steep valley with little or no valley fill. It has 
a low ground water potential. 

The headwaters of the Saxtons River west of 
Grafton flow mostly over bedrock except in a few 
places where till fills a shallow valley. West of Grafton, 
therefore, the groundwater potential of the valley is 
quite low. At Grafton, well records indicate that a con-
siderable thickness of sand and gravel fill the river 
valley and that the fill extends a mile or two south-
ward down the valley of South Branch. It is the con-
clusion of this survey that there are good ground 
water possibilities in this vicinity, but test drilling will 
be necessary to establish the extent and depth of the 
sand and gravel. 

Between Grafton and Cambridgeport the Sax-
tons River valley seems to be shallow over most of the 
distance, but well record data are inclusive. At 
Cambridgeport, the river valley again deepens and 
sand and gravel occurs up to depths of 80 feet. The 
valley of Bull Creek, south of Cambridgeport, prob-
ably has the best ground water potential of this sec-
tion inasmuch as well records show sand in the valley 
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Figure 19. Seismic profile, trending north-northeast, across the Williams River valley two miles southeast of the village of Chester. 
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as far south as the village of Athens. A seismic profile 
across Bull Creek valley one mile south of Cam-
bridgeport indicates a maximum depth of the buried 
valley is 85 feet (Figure 21). Except for the top 5 
to 10 feet, the valley fill has a velocity of 5,000 feet/ 
second, is saturated with water and is assumed to be 
mostly sand. 

The Saxtons River valley between Cambridge-
port and the village of Saxtons River is again shallow 
and the few well records in this stretch of the valley 
indicate a low water potential. At Saxtons River vil-
lage, however, the valley deepens and fine-grained 
lake sediment fills the buried valley in the western 
part of the village. On the eastern side of the village, 
in contrast, water-wells, according to the drillers' 
logs, penetrate as much as 90 feet of sand and gravel. 
The sand and gravel continues downstream in the 
river valley to the falls south of North Westminster. 
Some well records, however, show a considerable 
thickness of lake clay below a few feet of gravel at the 
surface and above gravel in the bottom of the valley. 
One and one-half miles downstream from Saxtons 
River village a seismic profile across the valley made 
during these investigations shows that there is a 
buried valley 25 to 50 feet deep filled with saturated 
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sediment (Figure 21). The log of a water-well just 
upstream from this profile records 10 feet of sand 
and gravel at the surface, above 70 feet of silt and 
clay and 14 feet of gravel below the clay. There is a 
possibility, therefore, that a clay and gravel sequence 
occurs below the depth of the seismic profile. Records 
of wells diwnstream from the profile show up to 150 
feet of sind and gravel with no clay. These facts at 
any rate, suggest a high ground water potential for 
this section of the valley. 

This survey rates Sacketts Brook north and south 
of the village of Putney with a high ground water po-
tential. Records of wells south of the village show 
gravel filling a buried valley from 40 to over 150 feet 
deep. Upstream from the village the valley fill is over 
130 feet in thickness. The only well record in this 
section shows clay or till at the top of the valley fill 
with gravel below. The seismic survey made during 
this survey, however, shows 65 feet of saturated sedi-
ment, probably sand and gravel, below 15 feet of 
stream deposited alluvium (Figure 23). 

Indications of a high ground water potential were 
found all along the West River from its point of entry 
into the region near East Jamaica downstream to 
Newfane township. Water-well logs indicate sand and 
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Figure 21. East-west seismic profile across Butt Creek valley. One-half mite south of Cambridgeport. 
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Figure 22. Northeast-southwest seismic profile across the Saxtons River volley, one and one-half miles downstream from Saxtons River 
village. 
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Figure 23. East-west seismic profile across Sacketts Brook volley one and one-half miles north-northwest of Putney village. 
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Figure 24. East-west seismic profile across West River volley one and one-half miles south of West Townshend. 
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Figure 25. East-west seismic profile across the West River valley one mile south of Harmonyville. 
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Figure 26. Northwest-southeast seismic profile across the West River valley one mile east of New-
fone village. 
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Figure 27. East-west seismic profile across Marlboro Branch valley one mile south of South Newfane. 

gravel 40 to 80 feet deep, both in the river valley and 
in the terraces along the sides, in the East Jamaica-
West Townshend section. A seismic profile one and 
one-half miles south of West Townshend shows the 
valley depth 130 feet at the deepest point (Figure 24). 
The sediment in the profile with seismic velocity 
5,000 feet is believed to be saturated sand and gravel, 
but there is no record of a well in the vicinity with 
which to correlate. This survey, nonetheless, believes 
this part of the valley has a high ground water po-
tential. There is only one well record for the valley 
sediment between West Townshend and Townshend 
village, but the one record and surface observations 
indicate a high potential. Records of several wells in 
the vicinity of Harmonyville show gravel in the river 
valley and up Mill Brook (Townshend) valley for at 
least a mile and a half. A seismic profile across the 
valley one mile south of Harmonyville measures the 
deepest part of the valley at 125 feet (Figure 25). 
Records of wells in this vicinity prove the fill to be 
saturated gravel and therefore this section has a 
high ground water potential. 

Northeast of Newfane village the West River 
swings eastward and crosses a series of rapids where 
bedrock is exposed in the channel. South of the 
mouth of Grassy Brook, however, the valley widens 
and one mile east of Newfane village a seismic pro-
file that partially crosses the valley shows fill over 50 
feet deep with a seismic velocity of 5,000 feet/second 
(Figure 26). Although there are no wells in this sec-
tion for correlation, this survey interprets the ground 
water potential as good. Newfane is located in a 
valley that well records indicate is filled with gravel 
25 to 50 feet deep. This area should have a good 
ground water potential. 

The Rock River and one of the tributaries, Marl-
boro Branch, have very good possibilities for ground 
water. West of South Newfane, the Rock River has 
gravel filling a buried valley to depths of over 95 
feet. At South Newfane and for two miles down- 

stream to Williamsville, well records show gravel in 
the valley from 50 to 100 feet deep and east of Wil-
liamsville the valley fill is mostly sand 25 to 50 feet in 
thickness. The Marlboro Branch valley south of 
South Newfane has a single well record located one 
and one-half miles south of the Rock River that 
records 70 feet of gravel. A seismic profile across the 
valley one mile south of South Newfane describes a 
wide valley with a maximum depth of 75 feet (Figure 
27). As much as 25 feet of low velocity stream sedi-
ment occurs at the top of the valley till, but the re-
mainder of the sediment, with seismic velocity of 
5,000 feet/second, is correlated as a saturated gravel. 

Downstream from the mouth of the Rock River, 
the West River has a shallow valley in most sections. 
A small area on the east side of the valley a mile 
north of West Dummerston seems to be an exception 
inasmuch as drillers' logs record up to 100 feet of 
gravel. On the west side of the valley between 
Brattleboro and West Dummerston a terrace com-
posed primarily of lake sand and gravel extends up 
and down the valley for approximately four miles. 
The terrace gravel, according to well records, varies 
in thickness from one locality to the next, but some 
logs indicate thicknesses of 50 to 200 feet. In other 
places, however, the depth to bedrock is only 15 to 
25 feet. It is believed that the ground water potential 
in the terrace is good, but test drilling is recom-
mended. 

The tributary streams of the Connecticut River 
south of the West River do not have ground water 
potentials that can be classified. There are few places 
where permeable sediment has been reported, except 
in occasional small isolated localities. 

HIGHWAY SALT 

One of the problems of water pollution that has 
not, as yet, been given adequate consideration is the 
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use of salt on roads and highways. The problem in-
cludes both the use of sodium chloride for ice re-
moval in winter and calcium chloride for dust con-
trol in the summer. The two salts are easily soluble; 
they are transported by both surface and subsurface 
water, and once they enter a water supply their re-
moval is most difficult. This is a form of chemical 
pollution and the pollutant is not removed by fil-
tering through sediment or rock. 

Calcium chloride is applied to dusty, gravel roads 
since it absorbs water from the atmosphere, making a 
damp surface which lays the dust. It is preferred to a 
water spray inasmuch as water evaporates rapidly 
whereas the water absorbed by the calcium chloride 
remains for several days or even weeks. The number 
of miles of unpaved roads diminishes all the time and 
therefore use of calcium chloride for dust control 
likewise decreases. But, there is still much calcium 
salt used for this purpose. 

Sodium chloride is applied to icy, snowy roads 
and highways to melt the ice and snow. The amount 
of salt used for this purpose has increased rapidly 
over the past few years because of the increased 
mileage of paved roads and the building of four-lane 
highways such as the interstates. The salt melts the 
snow and ice and traffic is maintained at normal 
speeds. 

When these salts are applied to a highway, they 
are dissolved by the water of the next precipitation 
and carried away in solution. Fortunately, the design 
of modern highways is such that most of the runoff 
from the roadway enters the drainage system and is 
carried into surface streams. A portion of the salt, 
nonetheless, is carried onto the adjacent land where 
it sinks into the ground. Most secondary roads are 
not so well drained and a larger portion of the salt is 
transported to adjacent land. Evidence of this is ap-
parent along the highways where grasses, plants, 
bushes and even trees have been affected by the salt. 
In areas of porous, permeable surficial sediment, the 
flow of this polluted water into the subsurface and 
downward to the water table is quite rapid. 

Probably the most serious practice in regard to 
the salt concerns the storage of the salt by local, town-
ship and state agencies. It is common practice to 
stockpile a winter salt supply during the summer 
months. The salt is stored in all kinds of places under 
all kinds of conditions. Some storage is in properly 
sheltered, dry facilities, whereas other supplies are 
dumped on the ground with little or no cover. A 
favorite location seems to be in abandoned gravel 
pits where the surface material has a very high perme-
ability. This report suggests that salt storage should 
be considered a serious environmental problem and 
that facilities for storage should be dry and the floor 
should be impermeable, preferably four to six inches 
of cement. The location of the facility should be in a  

section where the surface material is of low perme-
ability such as till or lake clay and silt. The salt spilled 
during loading and unloading may be hazardous in 
areas of sand and gravel. 

A few states have reduced the use of salt in winter 
by plowing the highways and applying cinders or 
sand to the plowed surface. In Vermont, the use of 
sand for this purpose would not be too unrealistic 
since sand is available in most regions. Admittedly, 
traffic cannot be maintained at high speed on high-
ways that have been so treated, but the problem is one 
that needs a high priority. 

SOLID WASTE 

The disposal of solid waste has not, as yet, be-
come a major environmental problem in the Brattle-
boro-Windsor region because the population density 
is still relatively low and development has not been 
excessive. As the region develops, however, and there 
is no reason to believe that growth will not occur, the 
problem of solid waste will become of major im-
portance. It is the low volume of the waste now col-
lected that has minimized the problem since current 
practices in the region are not satisfactory. Much of 
the waste of the whole region is collected by a single 
commercial firm and this has relieved the pressure 
on the towns and villages. Brattleboro township, how-
ever, still collects and disposes of waste in that sec-
tion. The U.S. Environmental Protection Agency 
estimated that in 1969 the urban solid waste 
amounted to six pounds per person per day (U.S. 
Environmental Protection Agency, 1973). A sub-
stantial increase in the population therefore results 
in a voluminous increase in the amount of solid waste. 
Planning will be necessary to cope with the increased 
solid waste that will be generated by the expected 
population growth of the near future. 

The disposal of solid waste involves geologic ma-
terials and processes and geologic study of a disposal 
site is imperative to avoid pollution. The saturation 
of refuse by water, even intermittantly, produces a 
liquid pollutant called leachate. This contaminant is 
the result of the decay of organic matter and other 
biodegradable waste and by the chemical action of 
acidic wastes on metallic materials and soluble com-
ponents. The leachate is liquid, contains a variety of 
biological and chemical pollutants, and it moves 
downward and outward following the normal flow 
patterns of subsurface water. Kelley (1975) recently 
reported contamination of a lake, caused by sub-
surface flow, 1200 feet from a landfill in Rhode 
Island. In the Brattleboro-Windsor region, solid 
waste disposal practices should be chiefly concerned 
with methods for reducing the rate at which leachate 
is produced, prohibiting the contaminants from 
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entering the fractures in the bedrock, preventing 
pollution of the ground water in the unconsolidated 
sediment in the valleys, and assuring that the leach-
ate does not move laterally and enter surface streams 
or lakes. Most present practices in the region do not 
even consider these factors. 

There are two major precautions that must be 
taken in the region to reduce the rate at which 
leachate is produced and to restrict the movement of 
the leachate that is invariably formed to a small area 
above the bedrock and above the water table. In the 
first place, care must be taken in the selection of a 
site for a landfill and, secondly, a low permeability 
material must be available for a cover. In this region, 
materials with a permeability low enough for landfill 
sites are the glacial tills and the lake silts and clays. 
Since silts and clays have a very restricted occurrence, 
glacial till is the only material available in most 
localities. According to the Illinois Geological Survey 
(Cartwright and Sherman, 1969; Hughes, Landon 
and Farvolden, 1971), a minimum thickness of 30 
feet ol impermeable material is necessary to prevent 
the seepage of the leachate. The Geological Survey 
of Georgia suggests 50 feet (Riccio and Hyde, 197 1). 
This survey recommends 30 feet as a minimum in 
the Brattlehoro-WindsOr region since the surface  

material is similar to that in Illinois. Abandoned 
sand and gravel pits, favored sites for landfills in the 
region (Figure 28), are not suitable and their use for 
this purpose should be prohibited. 

A suitable cover material for a landfill is necessary 
and is as important as the location of the site. The 
production of leachate is proportional to the amount 
of water that moves through the refuse. The cover 
material must therefore be low in permeability and 
applied in sufficient thickness to prevent as much 
water as possible from entering. Too much water 
entering the refuse causes a buildup in and along 
the sides of a landfill, causing the water to rise and 
seep out, at the surface, along the margins of the 
fill. This, of course, brings leachate to the surface 
and spreads it over the ground in the vicinity of the 
fill where it either sinks into the soil or runs off into 
the local drainage. The more water in the fill during 
the winter months, the more freezing and thawing 
that takes place. Freezing and thawing expands and 
contracts the refuse, causing it to be dislocated and 
loosened and allowing more water to enter. The most 
suitable cover, therefore, is an impermeable material 
such as till or silt and clay. Sand and gravel are too 
permeable and allow water to seep through the 
cover. Sand is also easily blown away by the wind, 

Figure 28. Trench excavated in sand for the burial of solid waste, two miles north of Ascutney. 
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leaving the waste exposed at the surface. 
Some recent studies of the movement of leachate, 

the work of Hughes, Landon and Farvolden (1969) in 
Illinois, for example, show that the pollution hazards 
from sanitary landfills may not be as difficult to con-
trol as it had been formerly assumed. These studies, 
however, have not been in areas of fractures, con-
torted and metamorphosed bedrock, and the results 
obtained do not apply to the Brattleboro-Windsor 
region. The studies do seem to show that modifica-
tion of a site, even in a locality of questionable con-
ditions, is possible. Modification as used in this re-
port refers to the use of plastic liners, clay fill, spray 
seals, etc., that reduce the permeability to an accept-
able level in the vicinity of the landfill. The evalua-
tions of the solid waste conditions of this report 
(Plate IV) are based on potential use without modi-
fication. The modification of a landfill site, it should 
be noted, is a highly specialized procedure and 
should not be attempted without professional ad-
vice and in most cases professional supervision. 

The solid waste conditions map of this report 
(Plate IV) gives a generalized classification of the 
surficial material as it relates to solid waste. The 
areas outlined on the map are delineated chiefly on 
the basis of the thickness and permeability of the 
surface with, as stated above, little or no regiJor 
the possibihtiesofmodidn The map is in 
tended as áuide for use in the selection of laidFill 

of each 
site wi1t5essa. As a eneräfiiiJëthe hy-
drolo ic conditions vary oiffiihfrom one locality 
to the next t at it is not possible to predict the exact 
characteristics of each locality, and the scale of the 
map prohibits a more detailed analysis. 

The sections legened green (g) on the solid waste 
conditions map have till or silt and clay covering the 
bedrock with thicknesses in excess of 30 feet. Till is 
the most suitable material for a landfill in the region 
inasmuch as it has a low permeability and is only 
relatively difficult to excavate. Silt and clay are suit-
able but they are not available in most cases. 

The yellow (y) areas on the map have till or clay 
of unknown thickness. Much of the surface material 
of these tracts is suitable for landfill, but it is neces-
sary to determine that the thickness is 30 feet or 
more. In locales where the thickness is 20 to 30 feet, a 
landfill may be developed with a minimum of modi-
fication. If the material above bedrock is less than 20 
feet, modification to seal the walls and floor of the 
excavation is necessary and this is a costly procedure. 
In all cases, till or silt and clay should be used for a 
cover. 

The sections legened r-2 on the map have sur-
face material composed of sand and gravel. In some 
places, the sand and gravel extend down to the bed- 

rock, but in other localities silt and clay, or possibly 
till, occur below them. If the sands and gravels are 
the only material above bedrock, the site is unsuit-
able for landfill and adequate modification is usually 
too difficult and the chance of leakage too risky. If 
over 20 feet of till or silt and clay underlie the sand 
and gravel, a landfill site may be developed only if 
some type of liner or seal is used to prevent the 
lateral migration of the leachate. 

The r-1 legend on the map locates swampy and 
other poorly drained tracts. Some of these are in 
stream valleys where seasonal flooding is common. 
Landfills cannot be satisfactorily developed in these 
sections since it is impossible to prevent pollution of 
the surface water or the saturation of the refuse in 
the fill. 

SEWAGE DISPOSAL 

The problems associated with the disposal of 
municipal sewage was not of particular concern to 
this survey since state and federal regulations gen-
erally control these installations. Municipal sewage 
pollution is decreasing at a slow, but definite rate in 
the Brattleboro-Windsor region as a result of state 
programs to raise the classification of the surface 
water. Saxtons River, for example, built a new sec-
ondary sewage treatment plant in 1972; Windsor has 
constructed both primary and tertiary treatment 
facilities; and Bellows Falls will break ground for 
new installations in 1975. There are, however, sev-
eral smaller villages in the region that have no 
municipal treatment facilities at this time and no 
plans for such installations in the near future. Un-
fortunately, the sewage treatment plants of two dif -
ferent villages were completely destroyed by the 
flood of July, 1973, and considerable damage was 
caused to the systems of other villages. 

Municipal sewage is only one of the problems of 
stream pollution in the Brattleboro-Windsor region. 
Since, as stated above, many villages do not have 
municipal systems and since most of the increased 
population of the past decade has been in rural 
areas, septic tanks are probably one of the more 
critical environmental problems. In all areas where 
there are no publicly owned sewage facilities, includ-
ing villages, the total population relies on individual 
septic tanks for sewage disposal. And, all of the de-
velopment, including rural homes, that is beyond the 
reach of a municipal sewer line must install a septic 
tank with a leaching field or a seepage pit. 

The septic tank with a leaching field is one of 
the more reliable and least expensive sewage dis-
posal systems for rural use. The word rural as com-
monly used, however, implies a sparse population 
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with large distances between individual homes. But 
since World War II, the septic tanks have not been 
restricted to rural use. They have instead been con-
centrated in small areas such as villages, housing 
subdivisions, summer colonies, ski resorts, and other 
developments where the environment is definitely 
not rural. In the Brattleboro-Windsor region, these 
practices have been as prevalent as elsewhere, and 
the concentration of septic tanks in several areas has 
been more than geologic conditions can bear. These 
uses of septic tanks are not rural. 

The intermittent flow of waste in the septic tank 
is broken down and decomposed chiefly by the ac-
tion of anaerobic bacteria. A properly constructed 
and installed septic tank generates an anaerobic bac-
terial treatment, removes and stores the solids from 
the waste and stores the sludge and scum produced. 
The septic tank treatment, nevertheless, does not 
purify the waste or remove the infectious bacteria or 
virus. The waste discharged from the septic tank into 
the leach line is an odoriferous fluid containing large 
amounts of anaerobic bacteria, suspended solids, 
nutrients, salts and, in some cases, infectious bacteria 
and virus. 

The function of a leaching field or seepage pit is 
to dispose of the fluid waste by allowing it to seep into 
a suitable geologic environment. A series of activities 
take place as the liquids seep from the leach lines 
into and through the surrounding soil and uncon-
solidated sediment. According to Franks (1971, p. 
195-96), a series of biological, chemical and physical 
changes take place during this phase of the treatment. 
The soil and unconsolidated surficial material act as a 
filtering agent and exchange ions with the liquid 
waste. Oxidation takes place, and bacteria in the soil 
and mantle attack bacteria in the waste. The U.S. En-
vironmental Protection Agency (1973, p.  70-71) 
states that leaching fields located in the biologically 
active soil zone have soil bacteria available to staba-
lize the organic matter and that filtering and absorp-
tion removes the particulate matter and certain ions 
from the waste. If the seepage beds are located below 
the biologically active soil zone, organic matter is 
degraded by anaerobic conditions and filtering and 
absorption are the chief methods of purification. In 
Vermont, leaching fields that are located deep 
enough to prevent frost heaving are usually below 
soil zone. 

Recent research concerned with the suitability 
of different kinds of surface material for leaching 
fields have shown that the texture of the unconsoli-
dated sediment in which the leach lines are located 
is more important than the permeability (Romeo, 
1970, p.  44). These and similar studies question the 
validity of percolation tests that have been recom-
mended for many years to determine whether or not  

a particular site could be used for a leaching field and 
to establish the length of the leach line needed, (U.S. 
Department of Health, Education and Welfare, 1967, 
p. 4-10; Vermont Health Regulations, 1970, Chapter 
5). The U.S. Environmental Protection Agency (1973, 
p. 76) suggests that the approval of septic tank sites 
by competent soil scientists and engineers should 
eliminate the need for l)ercolation  tests. They insist 
that the standard code for septic tank installation and 
the percolation tests as a basis of approval are in-
adequate criteria. 

Many kinds of coarse-grained sands and gravels 
have permeabilities that are too high to provide suf-
ficient filtering and absorption of the affluent from 
the leach line. In the Brattleboro-Windsor region, de-
velopment has been encouraged on the more perme-
able sands and gravels with little regard for the rate 
of flow of the liquid wastes through these surficial 
materials, the rate of absorption, or the location in 
respect to surface drainage or surface water bodies. 
Research by others has demonstrated that bacterial 
pollutants are more effectively removed as effluents 
percolate through unsaturated surface material and 
soil than through saturated. The flow of liquid con-
taminants is always in the direction of the natural 
ground water flow (Franks, 1972, p.  202-03). It has 
been established, therefore, that investigations to 
determine the suitability of a site for a septic tank 
system should determine, in addition to the perme-
ability, the direction of subsurface water flow, the 
distance of flow through unsaturated sediment, and 
the nature of the unconsolidated material in contact 
with the leach line. 

The proper operation of a septic tank system is 
also influenced by the slope of the land surface on 
which it is located. It is regrettable that this important 
factor could not be illustrated on the septic tank map 
(Plate V), but the topography of the region is so ir-
regular and slopes change so rapidly that inclusion 
on the map was impractical. The location of a septic 
tank installation on a hillside slope is not permissible 
since the surface material is usually thin, fractured 
bedrock is therefore near the surface, and the flow of 
the effluent is inevitably toward the surface. 

The most hazardous result of septic tank opera-
tion on a hillside location is the pollution of both the 
subsurface and surface water supplies. Most home-
sites in such locations have both a private water 
supply and a sewage disposal system. Because the 
cover over the bedrock is usually thin, the waste 
from the leaching field reaches the fractures in the 
bedrock after a short flow. As has been noted earlier 
in this report, liquids passing through fractures are 
not filtered and may move for miles before bacteria 
and virus are removed. The rock fractures trend in 
all directions and the location of a well upslope from 
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a septic tank is no assurance that contamination will 
not occur (Waltz, 1970, p. 42). Surface pollution re-
sults from the fact that the effluent from a leach line 
on a hillside slope will eventually surface a short dis-
tance downgrade. According to Franks, (1972, p. 
201), effluent will probably surface on slopes of over 
20% regardless of the surface material or the depth 
of burial. Effluent that covers the surface is odorifer-
ous and undesirable to say the least, but the most 
serious result is the contamination of surface water. 
The saturation of the surface material by the liquid 
waste also makes it more susceptible to flow, slide 
and creep. 

The septic tank conditions map (Plate V) de-
scribes the characteristics of the surface material as 
they relate to the disposal of domestic sewage, par-
ticularly septic tanks with leaching fields. This survey 
does not recommend the use of dry wells or seepage 
pits instead of leaching fields in the Brattleboro-
Windsor region. There are some limitations to septic 
tank use, especially when the slope is considered, in 
most sections of the region, but many of the limita-
tions can be handled by careful planning and de-
tailed study of the site. The green sections on the 
map are areas of till where the thickness is sufficient 
to insure filtering, and the sand content of the till is 
high enough to allow it to transmit the effluent. 

Most till areas, however, are designated y-1 on 
the septic tank map. The thickness of the till above 
bedrock is not known in these sections. The use of 
septic tanks in these areas is dependent upon the 
permeability of the till, the slope of the land surface 
and the thickness of the bedrock cover. For the most 
efficient operation of a septic tank, it is suggested 
that the slope of the land surface should be less than 
20%, the thickness of the till above bedrock should 
be at least 10 to 20 feet, and 200 feet of leach line 
should be used to distribute the effluent. 

The areas legened y-2 on the map have per-
meable sands and gravels at the surface. There is no 
doubt about the permeability of these sediments, but, 
as stated above, some of these are too permeable and 
too coarse grained to be used for leaching fields. 
Factors, in addition to permeability and texture, that 
must be considered when planning sewage systems 
in these materials are the thickness of the deposit, 
the depth to bedrock, the depth of the water table, 
and the kind of sediment, if any, below the sand and 
gravel. Much of the sand and gravel in this region is 
lake sediment that commonly overlies silt and clay. 
In these cases, the underlying finer sediment will re-
tard or halt the downward movement of the effluent 
and pollution of ground water will not occur pro-
vided the water table is several feet below the top of 
the silt and clay. Lateral movement of the effluent, on 
the top of the silt and clay may occur and contamina- 

tion of adjacent areas could result. 
The areas designated r-1 on the septic tank map 

are stream bottoms that are usually poorly drained 
and covered with alluvium. Isolated swamps are also 
included in this class. The surface of the valley 
floors is frequently flooded and the surface material 
often has a low permeability and, as a result, is poorly 
drained. Septic tanks do not function properly in 
these sections except during the dry season. 

The few small areas with lake silt and clay at the 
surface are designated r-2 on the map. The silt and 
clay is so fine textured and has such a low perme-
ability that septic tanks will not function because the 
effluent cannot seep into or through the surrounding 
material. Instead, the effluent builds up in the 
trenches of the leach line and eventually comes to the 
surface. Under normal circumstances, septic tanks 
should not be permitted in these sections. 

FOUNDATION MATERIAL 

In spite of the rugged topography in many sec-
tions, the environmental problems associated with 
building and foundations is not as acute in the 
Brattleboro-Windsor region as those already dis-
cussed. The mountainous terrain in the rougher 
areas includes many localities where the slopes are 
too steep for construction but, generally speaking, 
limitations are not too severe. The factors that must 
be considered when judging the desirability of a 
building site include such geologic conditions as the 
strength and plasticity of the surficial material, the 
internal drainage of the surface sediment and the 
slope of the land. In the region of this study, cautious 
consideration must be given to the stream valleys 
because of flooding and the low strength of some of 
the alluvial sediment of the valley floor. Limitations 
are also necessary because of the steep slopes, the 
plasticity of the clay in some sections, and the in-
ternal drainage of the surficial material. 

A fine-textured stream-deposited sediment called 
alluvium covers the bottomlands of most stream 
valleys. The material, because of its low strength, is 
one of the most undesirable foundation materials. 
The valley floor is frequently flooded and the internal 
drainage is often poor. If the bottomlands are to be 
used for heavy construction, the total thickness of the 
alluvium should be removed and special drainage 
should be included in the specifications. The flood 
of July, 1973, as will be discussed later, should have 
convinced the total population that the floodplains 
in stream valleys are not a desirable building location. 
The damage done by the flooding in the Brattleboro-
Windsor region was immeasurably great and plan-
ning should definitely include precautions to limit 
the development on the valley floors. There is a his- 
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torical justification for the location of cities and 
towns on the floodplains inasmuch as the streams 
were one of the few modes of transportation. There 
is absolutely no excuse, however, for continuing the 
practice of developing the bottomlands. 

The most favorable materials for construction 
sites in the region are the sand and gravel deposits. 
Sands and gravels have a high strength and they are 
well drained. Many of these deposits, however, are 
of economic importance and as the population in-
creases, the demand for these materials will also 
rise. It is the recommendation of this report that the 
better deposits of sand and gravel should be reserved 
for future use, and that construction on these should 
be prohibited. There will definitely be a need for 
these materials as soon as development proceeds. 
After the sand and gravel have been removed, most 
locations still make desirable construction sites with 
a minimum of grading and filling. The common prac-
tice of abandoning sand and gravel pits without 
reclamation, or using them as some kind of refuse 
dump, is indeed poor planning. These are choice 
locations for construction. Lake sands and gravels, 
the most common type in the region, often overlie 
silts and clays and these require special study to 
determine the thickness of the sand and gravel above 
the silt and clay. If the thickness of the sand and 
gravel is less than 15 to 20 feet, the plasticity of the 
underlying clay may be too high to support heavy 
construction and slumping, sliding and flowage may 
occur. It is therefore necessary to ascertain the 
physical characteristics of the sediment underlying 
sand and gravel deposits. 

Lake clays are often so plastic that they are sub-
ject to flow and other types of mass movement. The 
areas of outcrop of these lake-bottom sediments are 
quite small in the Brattleboro-Windsor region, but, as 
stated above, they usually occur below lake sand and 
gravel. The internal drainage of the fine-textured 
lake sediment is generally quite low and special 
drainage provisions should be included in all build-
ing specifications. Steep slopes composed of clay or 
slopes with clay underlying surficial sand and gravel, 
should be avoided to assure that the foundations are 
not undermined by flowage or sliding of the slope. 
In this region, the stream valleys, particularly the 
smaller tributaries of the Connecticut River, are 
quite vulnerable to this kind of movement. 

The general construction map of this report 
(Plate VI) classifies the different kinds of suruicial 
material according to its suitability for foundations. 
The areas shown in green (g) are permeable sands 
and gravels. These deposits include the lake sand 
and gravel that may overlie the lake silts and clays 
and, as already noted, they should be investigated to 
determine the thickness and the type of sediment  

below them. The small section designated y-1 has 
lake clays and silts at the surface. They are often 
poorly drained and the plasticity of the clay is the 
major problem insofar as construction is concerned. 
The surface material in the areas legened y-2 is 
glacial till. The suitability of sites in this section de-
pends on the thickness of the till. Till thicknesses vary 
greatly from one locality to the next and therefore 
building conditions also vary. The till is generally 
thin in the upland areas and excavation of the under-
lying bedrock is often necessary. The bedrock in most 
cases is fractured and weathered so that excavation is 
not difficult. But, in some places, the bedrock is an 
igneous intrusion such as granite or resistant 
quartzite and excavation of this kind of rock is very 
difficult. It is suggested, therefore, that the bedrock 
should be tested in all situations where excavation 
will extend below the sedimentary cover. The stream 
bottomland is classified r-2 on the map because of 
frequent flooding and the undesirable alluvium that 
covers the surface. Poorly drained, swampy areas are 
legened r-1 on the map and these are unsuitable for 
any kind of construction. 

GEOLOGIC HAZARDS 

There is a variety of different kinds of destruc-
tive, natural phenomena that are directly related to 
geologic materials and geologic processes that are 
collectively called geologic hazards. These natural 
happenings are of environmental significance be-
cause man, as a general rule, has not been successful 
in his efforts to control, regulate or decrease the dam-
age caused by them. They must, therefore, be care-
fully considered when planning for land use. The 
hazards include volcanic eruptions that do not occur 
in Verniont, earthquakes and hurricanes that oc-
casionally occur but usually with minimum effect, 
and landslides, flash flooding and stream flooding 
that are potential pro1lens in the Brattleboro-
Windsor region. Cautious planning cannot eliminate 
the cause or the effect of these phenomena, but care-
ful selection of sites for industrial installations, 
municipal facilities and housing developments will 
assure their location where damage from these haz-
ards is minimal. 

Landslides 

Landslides are always a potential threat along 
steel) slopes composed of clay because, as already 
noted, the lake clays are quite plastic and become very 
slippery when wet (Figure 29). In the Brattleboro-
Windsor region, many valleys of the smaller streams 
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Figure 29. Landslide on the north side of Salmon Brook valley one mile east of East Dummerston. Valley wall is composed of lake clay. 

that flow into the Connecticut River are cut into the 
lake clay. These valley walls have a sand cover at the 
top and a thick sequence of clay below the sand. In-
asmuch as the valleys are narrow and the valley walls 
quite steep, some almost vertical, the clay could not 
be illustrated on the surficial materials map. Plan-
ning in these areas should consider the valley walls 
and those composed of clay should be avoided. Con-
struction should also be restricted at the tops and 
bottoms of these slopes to prevent damage in the 
event of sliding. The valley wall of a stream is par-
ticularly vulnerable because the stream is continually 
changing its course and lateral erosion is constantly 
altering the character of the slopes along the valley. 
The route of Interstate Highway (1-91) was first 
planned at a lower level near the Connecticut River, 
but the route was changed to the present, higher lo-
cation after a detailed study of the lake clay. 

Quick clay is the name applied to a particular 
kind of clay that may, for many reasons, be con-
verted to a viscous liquid and subject to spontaneous 
flow. According to Liebling and Kerr (1965), much of 
the clay deposited in the Champlain Sea following the 

Great Ice Age has been classified as quick clay. Their 
studies were restricted mostly to the St. Lawrence 
River valley, but they do report that quick clay does 
occur in Vermont. It has also been established that 
quick clay is formed in fresh water lakes. At this time, 
little is known about the classification of the lake clays 
of the Connecticut River valley, but it is possible that 
some of the clay in the region does have quick clay 
characteristics. Until more conclusive research is 
completed and more definite information is avail-
able concerning the lake clay, planning should as-
sume a severe potential danger from landslides along 
the clay slopes. 

Flash Flooding 

Geologic conditions in the Brattleboro-Windsor 
region are quite conducive to flash flooding. As has 
been explained earlier in this report, the major 
streams of the region, tributaries of the Connecticut 
River, all head in the Green Mountains or in the 
Green Mountain foothills. These streams have steep 
gradients in their upper reaches but the gradient is, 
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as a general rule, rather low away from the moun-
tains. A second factor that tends to increase flash 
flooding is that the surface of the higher elevations 
of the region are either barren or they are covered 
with only a thin veneer of glacial till. When precipi-
tation occurs, most of the water runs off into surface 
streams since very little water can seep into the sub-
surface. Therefore, when a large amount of precipi-
tation falls in a short period of time most of the water 
goes into small streams that flow down steep slopes at 
high velocities. The small mountain streams, in turn, 
carry large amounts of water into the major drainage 
lines. When this rapidly flowing, large volume of 
water reaches the lower sections of the stream, where 
the gradient is much lower, the velocity of flow is de-
creased, the water piles up and flooding results. 
Thus it is that flash flooding in the mountain sections 
results in general flooding of the truflk lines. Much of 
the flooding of the Connecticut River and the major 
tributaries is the result of flash flooding of the small, 
headwater streams that originate in the higher, more 
rugged terrain. 

Flash flooding may, however, occur in the lower 
reaches of the larger streams as a result of adverse 
conditions such as torrential rain, saturated ground 
and/or unseasonably wet conditions. This was the 

case in July, 1973, when most of the state in general 
and the Brattleboro-Windsor region in particular ex-
perienced flooding that was reportedly the most 
damaging since the flood of 1927 and the highest 
since 1936 in the Connecticut River valley. The rain-
fall in June, 1973, had been the second highest on 
record with 7.69 inches of rainfall recorded for that 
month, 4.20 inches above average. The surfIcial ma-
terial of the region became saturated, preventing 
more water from seeping into the ground, resulting 
in runoff of 100%. 

Heavy rainfall in central and southern Vermont 
on June 29 and 30 and into July 1, according to the 
National Weather Service, resulted from the move-
ment into the region of a north-south trending, 
moisture-laden, weather front that collided with 
southward moving moist air from the Atlantic Ocean. 
The meeting of the two air masses just east of the 
Green Mountains resulted in up to 5 inches of rain-
fall on the east side of the mountains and consider-
able rain on the Green Mountain crests and on the 
western slopes. The rainfall and resulting flooding 
was greatest in the southern and central parts of the 
state with gradually decreasing amounts northward. 
Whereas Rutland, for example, recorded 4.32 inches 
of rainfall for the three-day period, Burlington had 

Figure 30. Railroad track undermined by erosion of a small stream one-half mile north of Healdville. 
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Figure 31. Motel washed from its foundation by the flooding of 
Branch Brook, a tributary stream of the Black River, 
two miles northwest of Grahamville 

only 2.35 (Burlington Free Press, July 3, 1973). In 
Windham County, a total of 5.07 inches of rainfall 
was measured over the four-day period between 
June 28 and July 1 (Brattleboro Reformer, July 2, 
1973). 

The hardest hit area of the whole state was the 
Black River valley in the towns of Plymouth, Ludlow 
and Cavendish. Since the Black River and its tribu-
taries drain the eastern slopes of the Green Moun-
tains the total length of Plymouth and Ludlow town-
ships, and this was the area that was deluged with the 
highest rainfall, the flooding was highest and most 
devastating (Figures 30 and 31). Ludlow village and 
the villages to the east in the river valley (Smithville, 
Proctorsville, Cavendish and Whitesville) were iso-
lated and flood damage was most severe. Two sewage 
disposal systems were destroyed (Figure 32), two 
manufacturing companies were heavily damaged, a 
restaurant was completely washed away, State Route 
131 between Ludlow and Whitesville was washed out 
in many places and at least one-third of this route was 
completely washed away between Whitesville and 
Downers. 

The Connecticut River was flooded by water car-
rie(1 Into its course by streams flowing from the 
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Figure 32. The former site of the sewage disposal system of the town of Covendish one year after the flood. One mile east of Cavendish 
village. 
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east side of the Green Mountains. The flooding in the 
Connecticut valley was considerably reduced by the 
flood control dams, built by the U.S. Army Corps of 
Engineers. Two of these dams are located in the 
Bratilehoro-Windsor region on the Black and West 
rivers. According to the Brattleboro Reformer (July 
2, 1973), the normal elevation of the Connecticut 
River at the Yankee Nuclear Plant in Vernon is 218 
feet. During the 1973 flood, the water rose to 227 
feet. During the flood of 1927, the rise was two feet 
higher than in 1973, but in 1936 the water rose to 
231.4 feet in elevation (Brattleboro Reformer, July 
2, 1973). 

Flood control is a very real problem in all areas 
where flood loss is a threat. There are several geo-
logical aspects to the problem of flood control but a 
solution that is in agreement with the philosophies of 
the population is not in sight. In Vermont, the 
topography, the thickness of the mantle covering 
bedrock, and the configuration of the drainage pat-
tern are natural phenomena that cannot be readily 
changed. Since these and other conditions already 
mentioned account for the rapid runoff it is readily 
apparent that flooding cannot be eliminated. The 
only two practices that would tend to decrease the 
damage from floods are the building of dams to hold 
back the runoff or restricting the use of the stream 
flood plains. 

Experience has shown that the most effective way 
to control runoff is the construction of dams that hold 
back the water in stream basins. It cannot be disputed 
that the flood control dams in the Brattleboro-
Windsor region greatly decreased the damage from 
the 1973 flood. The flood damage in the Ludlow sec-
tion of the Black River valley, as bad as it was, would 
have been even greater had it not been for two or 
three small clams built by the U.S. Conservation Ser-
vice. There have been serious objections to dams in 
recent years inasmuch as the damming of the streams 
disrupts the ecology of the stream valley. It is true 
that flooding is a normal stream process and certain 
ecosystems are propagated by the flooding and that 
an ecological imbalance results when the streams are 
dammed. The present dams and the tributary streams 
of the Connecticut River, however, do not maintain 
a high level pool, as the flood gates are closed only 
when flooding occurs. 

A significant amount of runoff control can be 
accomplished by foresting the watersheds of stream 
systems. Several problems prevent this practice in 
most regions. The land of most watersheds is pri-
vately owned and legislatures hesitate to pass laws 
that regulate the use of privately owned land. An-
other important factor is the initial cost of reforesta-
tion which is almost prohibitive without government 
subsidy. In Vermont, many of the most critical water-
sheds do not have enough cover to support the  

growth of trees. 
Undoubtedly the most effective method for de-

creasing flood damage is a detailed plan for flood-
plain management. In a sense, this practice requires 
a restriction on the use of privately owned land in-
asmuch as the purpose is to limit the use of the bot-
tomland in the valleys. It is a fact that the best agri-
cultural lands in Vermont, with the possible excep-
tion of a few areas of the Champlain Lowland, are 
the floodplains of streams, and these areas should be 
reserved for agricultural purposes. There is, of 
course, damage to crops during floods, but the great-
est damage is to private, municipal, business and in-
dustrial installations and buildings in the valley. 
Floodplain zoning and planning should discourage 
construction in the valleys below flood level. 

GEOLOGIC RESOURCES 

At this particular time, there is a minimal amount 
of industry in the Brattleboro-Windsor region based 
on local geologic materials. There were in the past, 
however, several thriving industries that were utiliz-
ing granite, slate, talc, clay, sand and gravel in large 
quantities. The abandoning or decreasing of pro-
duction of these resources, with the exception of 
sand and gravel, was prompted mostly by a decrease 
in the demand or a change in the economics of these 
materials rather than the exhaustion of the reserves 
in the region. The use of slate roofing and soapstone 
for stove liners, for example, has declined greatly or 
ceased completely over the years, and the demand for 
granite as a building stone has declined because of 
the almost prohibitive cost of production. The re-
serves of these materials in the region, nonetheless, 
could in the future support a renewal of industry 
utilizing these resources when, and if, the demand 
stimulates their extraction. The sand and gravel de-
posits are being used at the present time, but the de-
mand for construction will be increased in the near 
future as the population increases and regional de-
velopment progresses. 

Talc 

Talc has been mined and quarried in the Brattle-
boro-Windsor region, more or less continuously, for 
over 125 years. There are old soapstone workings 
south of the village of Grafton that reportedly have 
not been in operation for over 100 years. The talc 
belt, if indeed it can be correctly termed a belt, seems 
to extend from the vicinity of Athens Pond to the 
northern boundary of the region. According to 
Jacobs, (1914, p.  402) talc deposits are known to 
exist s far south as the northern part of Marlboro 
Township, but, to the writer's knowledge, no de-
posits south of Athens Pond have ever been used 
commercially. Abandoned mines and quarries are 
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Figure 33. Abandoned talc mine filled with water one and one-half miles west-northwest of the village of Chester. 

found two and one-quarter miles south of Grafton 
village, one and one-half miles southeast of South 
Windham, one and one-half miles west-northwest of 
the village of Chester (Figure 33), one mile west of 
Perkinsville and also immediately across the Black 
River from Perkinsville. 

There is a talc mine still in operation one-half 
mile northeast of Hammondsville. This mine has 
been operating at the same location for many years. 
The removal of the talc was originally from an open 
quarry, and at one time plans were made to move to a 
location near Chester village because it was believed 
that the deposit had been exhausted. But, talc was 
discovered at a lower level and a mine was opened in 
the bottom of the pit. Mining operations have been 
in a northward direction and down the dip of the ad-
jacent rock following the northern plunge of the 
Grafton Dome. 

A small soapstone quarry is still operated inter-
mittently two miles south-southeast of Chester vil-
lage. This quarry supplies raw material for the soap-
stone company at Perkinsville. 

There have been, from time to time, investiga-
tions by private industry to ascertain the talc reserves 
of selected localities of the region and economically 
important deposits are known to exist particularly  

in the vicinity of Chester village. There is no question 
but that talc still exists in concentrations that will be 
profitable to extract when they are needed. 

Granite 

Granite was formerly quarried on a commercial 
scale in many parts of the Brattleboro-Windsor re-
gion and large reserves exist that are suitable for 
abrasive and building stone. To the writer's knowl-
edge, none of the granites has been used for monu-
mental purposes, but some may be of that quality. 
There are old quarries along the Connecticut River 
in the northern part of Vernon township that were 
used for road construction back in the days of cobble-
stone streets. More recently, a quarry near U.S. Route 
5 in the southeast corner of Guilford Township pro-
duced crushed stone for the base of the interstate 
highway (Figure 34). Brattleboro and West Dummer-
ston were at one time granite producing centers when 
granite was quarried in quantities from the west 
side of the Black Mountain pluton. One of the quar-
ries was located immediately south of West Dummer-
ston and two were located directly across the West 
River from West Dummerston. In the northern part 
of the region, abandoned granite quarries are found 
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Granite quarry used to produce crushed stone for 

Interstate Highway 91. Just west of U.S. Route 5 four 

and one-half miles south of Guilford village. 

Figure 34 

on the north and western slopes of Mt. Ascutney. It is 
assumed that the rock from these operations was 
used locally for building stone. Small granite out-
crops and abandoned quarries are hund throughout 
the region. 

Slate 

The Brattleboro section was at one time actively 
producing slate in commercial quantity. The slate 
belt runs north-south through the village of Brattle-
boro and due south to the Massachusetts border. 
South of Guilford the zone parallels U.S. Route 5 
and the highway skirts the western side of the out-
crop. Slate quarries were located along the outcrop 
from Dummerston State Park, a mile south of Brattle-
boro village, southward for five or six miles (Figure 
35). North of Brattleboro village the slate belt trends 
due north for about three miles and then slightly 
north-northeast through Putney village in the same 
general direction and never very far to the east of 
U.S. Route 5. Most of the production in this segment 
was between the intersection of U.S. Route 5 and 
State Route 9 (to New Hampshire) and Salmon Brook 
east of East Dummerston. 

The slate produced in the Brattleboro area was 
used mostly for roofing and other building purposes. 
There are many buildings in the region that still 
have roofs of local slate. It is not of industrial quality 

Figure 35. Slate exposed in an abandoned quarry three miles south of Guilford village 
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as the slate in western Vermont. The slate quarries 
were abandoned because of the decreased demand 
for roofing slate and flagstone. The quarries were 
located where the rock was exposed at the surface, 
and since much of the formation is under a thin 
cover of surficial material, there is still a large re-
serve of slate. 

Sand and Gravel 
Sand and gravel deposits are scattered through-

out the Brattleboro-Windsor region but the quality 
of the deposits vary greatly from place to place. Sand 
occurs in good quality deposits with large reserves up 
and down the Connecticut River valley and in most 
of the large tributary streams. Deposits of good 
quality gravel, however, are usually small and the 
total gravel reserve of the region is probably critically 
low. The environmental policies of the past few years 
have actually discouraged the opening of new gravel 
pits and the continued operation of some of the older 
workings. There are, therefore, a minimum of open-
ings that allow a visual inspection of the aggregate. 
This report maintains that there is a real need for a 
detailed sand and gravel inventory in this region to 
establish the location and extent of the larger, better 
quality reserves. Those deposits of high quality and 
quantity should be reserved for future use, and hous-
ing development or other construction on them 
should be delayed until the sand and gravel are re-
moved. As has been emphasized throughout this 
report, the region is going to be developing at an 
ever increasing rate and the demand for sand and 
gravel is going to increase proportionately. Present 
practices that encourage development of all kinds on 
these deposits are based on the erroneous assumption 
that drainage and septic tank operation dictate such 
a policy. This is definitely not the case and a reorder-
ing of priorities is deemed necessary. 

The sand and gravel map prepared during this 
survey (Plate VII) classifies the deposits as to quality 
and the estimated reserve. There is no sand and 
gravel in the region that meets the standard specifi-
cations for cement and therefore the highest rank is 
classified as good. Classification of many of the de-
posits was quite difficult or impossible inasmuch as 
there were no pits or other excavations that would 
allow examination of the material. An adequate re-
serve of good quality sand is available for the fore-
seeable future, but the reserve of good gravel is 
questionable. 

The largest reserves of sand occur along the 
Connecticut River more or less continuously the total 
length of the region. Most of the sand, as already ex-
plained, was deposited in the lake that occupied the 
valley during the recession of the last glacier. The 
sand therefore varies in texture and thickness from  

one locality to the next and usually overlies clay and 
silt. Most of the pebbly, surface sand was removed 
during the construction of the interstate highway, but 
the reserve of sand is still large. Similar lake sand de-
posits occur along the West River downstream from 
Brookline, the lower reaches of the Williams and 
Saxtons rivers and along the Black River upstream as 
far as Downers. A large, sandy deltaic deposit cen-
tering in the vicinity of North Springfield extends 
from Downers to Springfield village. There is a large 
reserve of sand in this section and gravel occurs 
sporadically either on the surface or interbedded with 
the sand. There is a lake sand deposit in the vicinity 
of Cavendish that was probably deposited in a local 
lake during the glacial recession. The deposit also 
contains some gravel. 

The sand and gravel map (Plate VII) shows only 
a few areas with large reserves of good gravel. The 
largest reserves seem to be in the Black River valley 
north of the village of Ludlow. This section, including 
the areas of Amherst, Echo and Rescue lakes, should 
be carefully studied to determine the localities that 
should be reserved for gravel production. Building 
in the valley has already covered large sections of the 
deposits. 

A few of the sand pits along the Connecticut 
River valley expose gravel under the surficial lake 
sand that, at some localities, can be identified as kame 
terrace or delta deposits. One of these deposits is 
located near the river a mile north of Ascutney vil-
lage. Some of the pits between Brattleboro and 
Putney expose similar gravel. It is probable that a 
considerable reserve of gravel may exist below the 
lake sand and investigations to ascertain the location 
and extent of these should be undertaken. Large de-
posits of sand and gravel in the West and Williams 
river valleys of unknown quality and reserve may 
have moderate reserves of good gravel. 

Clay 
The economics of the lake clay in the stream 

valleys of the Brattleboro-Windsor region is not too 
well understood, but it is known that at several locali-
ties the clay is suitable for the manufacture of brick. 
According to Jacobs (1927), the Vermont Brick Com-
pany made brick from the clay deposits near the rail-
road station at Putney from about 1900 to 1921. Re-
portedly, the brick produced here was of excellent 
quality and was used for building purposes over 
much of New England. Jacobs also reported that 
bricks were manufactured from similar clay ex-
posures in Westminster and Guilford townships for 
local building use about the turn of the century. It is 
apparent that large reserves of clay suitable for the 
manufacture of building materials exist in the re-
gion. To the writer's knowledge, the clays have not 
been tested for other uses. 

43 



ACKNOWLEDGMENTS 

Dr. Charles G. Doll, the Vermont State Geologist, 
directed and arranged the financing of the survey 
that produced this report. The writer appreciates his 
continued support, assistance, and encouragement. 
David S. Scanlon and James Miller were field as-
sistants and contributed much to the summer's work. 
They did the drafting for the planning maps. Scanlon 
was responsible for the bedrock maps and Miller 
collected much of the water data and assisted in the 
preparation of the ground water map. The writer 
also notes the assistance of Mr. Frank Lanza, Geol-
ogist, Vermont Highway Department, Mr. Arthur 
Hodges, Geologist, United States Geological Survey, 
and Mr. David Butterfield, Geologist, Vermont Water 
Resources Department. The writer also appreciates 
the cooperation of many land owners that gave this 
survey permission to do seismic work and other 
studies on their properties. Special mention is due 
the administrative officials of the Brattleboro Re-
gional Vocational School for granting permission 
for this survey to use the drafting facilities of the 
school. Mr. Phil Shebel, the drafting instructor, was 
most helpful. 

44 



REFERENCES CITED 

The Burlington Free Press: Burlington, Vermont, 
July 3, 1973. 

Brattleboro Reformer: Brattleboro, Vermont, July 
2, 3 and 4, 1973. 

Doll, C.G., Cady, W.M., Thompson,J.B. and Billings, 
M.P., 1961, Centennial Geologic Map of Vermont: 
Vermont Geological Survey. 

Franks, Alvin L., 1972, Geology for individual sewage 
disposal systems: California Geology, v. 25, pp. 
195-203. 

Goldstein, Steven N., 1972, Home sewage treatment: 
Water Well jour., pp.  36-40. 

Hackett, J.E. and McComas, M.R., 1969, Geology for 
planning in McHenry County: Illinois Geological 
Survey, Circular 438, 29 pp. 

Hodges, A.L. and Butterfield, D., 1968a, Ground-
water favorability map of the Ottauquechee-Sax-
tons River basin, Vermont: Vermont Department 
of Water Resources. 

1968b, Ground-water favorability 
map of the West-Deerfield River basin, Vermont: 
Vermont Department of Water Resources. 

Hughes, G.M., Landon, R.A., and Farvolden, R.N., 
1971, Hydrogeology of solid waste disposal sites in 
northeastern Illinois: U.S. Environmental Protec-
tion Agency, SW-12d, 154 pp. 

Jacobs, A.M., 1971, Geology for planning in St. Clair 
County, Illinois: Illinois Geol. Survey, Circular 
465, 35 pp. 

Jacobs, E.C., 1914, Talc and the talc deposits of Ver-
mont: Vermont Geological Survey, Ninth Annual 
Report of the State Geologist, pp. 382-429. 

1927, The clay deposits and clay in-
dustries of Vermont: Vermont Geol. Survey, Fif-
teenth Annual Report of the State Geologist, pp. 
191-221. 

1950, The physical features of Ver-
mont: Vermont State Development Commission, 
169 p. 

Kelly, W.E., 1975, Groundwater contamination in a 
glacial aquifer in southern Rhode Island (abstract): 
Geol. Soc. America, Abstracts with Programs, Vol. 
7,No. 1,p.83. 

Liebling, R.S. and Kerr, P.F., 1965, Observations on 
quick clay: Geol. Soc. America Bull., v. 76, pp. 
853-878. 

Riccion, J.F., and Hyde, L.W., 1971, Hydrology of 
sanitary landfill sites in Alabama: Geol. Survey of 
Alabama, Circular 71,23 pp. 

Romero, J.C., 1970, The movement of bacteria and 
virus through porous media: Ground Water, v. 8, 
pp. 37-48. 

Richardson, C.H. and Maynard,j.E., 1938, Geology 
of Vernon, Guilford and Halifax, Vermont: Ver-
mont Geol. Survey, Twenty-first Annual Report of 
the State Geologist, pp. 84-96. 

Stewart, D.P., 1972, Geology for environmental plan-
fling in the Rutland-Brandon region, Vermont: 
Vermont Geol. Survey, Environmental Geology 
No. 2,40 pp. 

1973, Geology for environmental 
planning in the Burlington-Middlebury region, 
Vermont: Vermont Geol. Survey, Environmental 
Geology No. 3, 44 pp. 

and MacClintock, Paul, 1969, The 
surficial geology and Pleistocene history of Ver-
mont: Vermont Geol. Survey, Bull., 31, 255 pp. 

1970, Surficial Geologic Map of Ver-
mont: C.G. Doll, Editor, Vermont Geol. Survey. 

U.S. Environmental Protection Agency, 1973, Pol-
luted Ground Water: Some causes, effects, controls 
and monitoring: EPA-600/4-73 -0016, 262 pp. 

U.S. Public Health Service, 1967, Manual of septic-
tank practice: Public Health Service Publication 
No. 526, 92 PP 

Vermont State Department of Health, 1970, Ver-
mont health regulations, Chapter 5, Sanitary Engi-
neering. 

Vermont Secretary of State, 1970, Population, State 
of Vermont, 16 p. 

Waltz, J.P., 1972, Methods of geologic evaluation of 
pollution potential at mountain homesites: Ground 
water, v. 10, pp.  42-49. 

45 



REFERENCES FOR PLANNERS 

Baldwin, H.L. and McGinnes, C.L., 1963, A primer 
on ground water: U.S. Geol. Survey, Washington, 
D.C., 26 pp. 

Bauer, A.M., 1965, Simultaneous excavation and re-
habilitation of sand and gravel sites: National 
Sand and Gravel Assn., Silver Spring, Maryland, 
60 pp. 

Cartwright, K. and Sherman, F.P., 1969, Evaluation 
of sanitary landfill sties in Illinois: Illinois Geol. 
Survey, Environmental Geology Notes No. 27, 
15 pp. 

Clark, R. and Lutzen, E.E., 1969, Septic tanks and 
drainage systems - friend or foe?: Missouri Min-
eral News, Missouri Geol. Survey and Water Re-
sources, v. 11, pp.  93-98. 

Feth, J.H., 1973, Water facts and figures for planners 
and managers: U.S. Geol. Survey, Circular 601-I, 
30 pp. 

Franks, Alvin L., 1972, Geology for individual sew-
age disposal systems: California Geology, v. 25, 
pp. 195-203. 

Fungaroli, A.A., 1971, Pollution of subsurface water 
by sanitary landfills: U.S. Govt. Printing Office, 
Washington, D.C., 200 pp. 

Goldstein, S.N., 1972, Home sewage treatment: 
Water Well Jour., v. 24, pp.  36-40. 

Gray, H.H., 1971, Glacial lake deposits in southern 
Indiana - engineering problems and land use: 
Indiana Dept. of Natural Resources, Environ-
mental Study No. 2, 15 pp. 

Hackett, J.E. and McComas, M.R., 1969, Geology for 
planning in McHenry County: Illinois Geol. Sur-
vey, Circular 438, 29 pp. 

Hodges, A.L., Jr., 1969, Drilling for water in New 
England: U.S. Environmental Protection Agency, 
SW-12d, 154 pp. 

Hughes, G.M., Landon, R.A., and Farvolden, R.N., 
1971, Hydrogeology of solid waste disposal sites in 
northeastern Illinois: U.S. Environmental Protec-
tion Agency, SW-12d, 154 pp. 

Jacobs, A.M., 1971, Geology for planning in St. 
Clair County, Illinois: Illinois Geol. Survey, 
Circular 465, 35 pp. 

Johnson, C., 1966, Practical operating procedures for 
progressive rehabilitation of sand and gravel sites: 
National Sand and Gravel Assn., Silver Spring, 
Md., 75 pp. 

Leopold, L.B. and Langhein, W.V., 1960, A primer 
on water: U.S. Geol. Survey, Washington, D.C., 
50 pp. 

Lutzen, E.E. and Cook, R., 1971, A better method of 
septic tank selection: Missouri Mineral News, 
Missouri Geol. Survey and Water Resources, v. II, 
12 1-125. 

Mazola, A.J., 1970, Geology for environmental plan-
ning in Monroe County, Michigan: Michigan Dept. 
Natural Resources, Geol. Survey Div., Report of 
Investigations No. 13, 34 pp. 

National Association of Counties Research Founda-
tion, 1971, Guidelines for local governments on 
solid waste management: Public Health Service 
Publication No. 2084, U.S. Government Printing 
Office, Washington, D.C., 184 pp. 

Riccio, J.F. and Hyde, L.W., 1971, Hydrology o 
sanitary landfill sites in Alabama: Geol. Survey of 
Alabama, Circular 71,23 pp. 

Romero, J.C., 1970, The movement of bacteria and 
viruses through porous media: Ground water, 
v. 8, 37-48. 

Salvato, J.A., 1972, Environmental Engineering and 
sanitation: John Wiley and Sons, New York, N.Y. 
919 pp. 

Schneider, W.J., 1970, Hydrologic implications of 
solid-waste disposal: U.S. Geol. Survey, Circular 
601-F. 

Scheaffer, J.R., and Leizel, A.J., 1966, The water 
resources of northeastern Illinois: Northeastern 
Illinois Planning Comm. Chicago, Tech. Report 4, 
182 pp. 

Stewart, D.P., 1971, Geology for environmental plan-
ning in the Barre-Montpelier region, Vermont: 
Vermont Geol. Survey, Environmental Geology 
No. 1,40pp. 

1972, Geology for environmental 
planning in the Rutland-Brandon region, Ver-
mont: Vermont Geol. Survey, Environmental 
Geology No. 2, 40 pp. 

1973, Geology for environmental 
planning in the Burlington-Middlebury region. 
Vermont: Vermont Geol. Survey, Environmental 
Geology No. 3, 44 pp. 

1974, Geology for environmental 
planning in the Milton-St. Albans region, Ver-
mont: Vermont Geol. Survey, Environmental 
Geology No. 5. 

U.S. Environmental Protection Agency, 1973, Pol-
luted Groundwater: Some causes, effects, con-
trols, and monitoring: EPA-600/4-73 -OOlb, 262 pp. 

Wilson, G.V., Joiner, T.J., and Worman, J.C., 1970, 
Evaluation by test drilling, of geophysical methods 
used for ground water development in the Pied-
mont area, Alabama: Geol. Survey of Alabama, 
Circular 65, 15pp. 

Wright, Frank M. III, 1974, Geology for environ-
mental planning in the Johnson-Hardwick region, 
Vermont: Vermont Geol. Survey, Environmental 
(;eology No. 4. 

46 



APPENDIX A - 

MAPS SHOWING LOCATIONS OF SEISMIC PROFILES 
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