A. OVERVIEW OF BEDROCK AND SURFICIAL
GEOLOGY

Chapter II: Foundations - Rock, Soil, and Water
The foundations of a landscape are its rock, soil, and
water. These fundamental elements reveal the natural
history of an area, and are a testament to the ever
changing climate. Tectonic forces that have engaged
the earth’s mantle have given rise to the region’s igne‐
ous rocks; they have also subducted seabed sediments
and compressed them into metamorphic rocks. Cli‐
matic forces have dictated the patterns of weathering
and erosion, and brought about successive ice sheets
that sculpted what had been set in stone millions of
years earlier. Recent climatic patterns have brought
about a constancy of precipitation to the region –
roughly 40 inches per year, which has supplied the
rivers and streams, lakes and ponds with much
needed water.
The following chapter provides an overview of these
three basic elements of the natural resource land‐
scape, beginning with the bedrock and surficial geol‐
ogy of the region, continuing with the formation and
description of soils, and ending with a review of the
water resources in the City. Whereas each section
could be a chapter unto itself, this review simplifies
the story by presenting the highlights of each attrib‐
ute – the amounts and location of each element, their
significance on the landscape, keynote features rela‐
tive to their use and value, and suggested measures
for conserving each element in its entirety.
“The rocks of the town are mainly mica slate abundantly sup‐
plied by iron pyrites. In the southwest part there is a large
deposit of hornblende in the slate; the mass of Mount Finish
is composed of this rock.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

The foundation of Lebanon’s natural resources rests
upon the bedrock and surficial geology that has been
crafted by wind and water erosion over thousands, if
not millions of years. Plate tectonic patterns in this
part of the world have played an extremely important
role in how the land was shaped. The bedrock that is
present today was once at the bottom of a shallow sea
that had been receiving layer after layer of volcanic
sediment for millions of years. Over 440 million years
ago this sea was subducted by the collision of the
North American and European continental plate (and
later, the African plate) during a long period of moun‐
tain‐building that culminated with the 16,000 foot
high Appalachian Mountain range. Ordovician rocks
that were uplifted got reshaped, exposed, and worn
down. Around 430 million years ago, during the onset
of the period of orogeny (mountain‐building), a
magma dome, later known as the Oliverian granite‐
gneiss pluton, arose on the north side of Lebanon.
Contact metamorphosis and the general shape of the
“Colburn Hill and Rix Ledges are like islands of granite pro‐
truding through the slate rock. The granite is not found in
places south of the river and does not appear except in boul‐
ders east of the valley which runs northward by Rix Ledges.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

This fine example of pebbly sulfidic schist can be seen
alongside Storrs Hill Road as it climbs up from Great Brook.

dome resisted much of the general erosion that fol‐
lowed, allowing for the formation of Indian Ridge, Mt.
Support and Rix Ledges.
The above map from the Bedrock Geology Map of New
Hampshire (Lyons et al. 1997) shows that at least 10
different bedrock formations can be found in Leba‐
non. Two distinct types are represented: 1) igneous
rocks associated with the 430 million year‐old Olive‐
rian magma dome; and 2) metavolcanic and metasedi‐
mentary rocks associated with the Upper to Middle
Ordovician seabed sediments. The latter exceed the
age of the igneous pluton by 20 to 35 million years.

This granite “pebble” is a common feature on the Landmark
lands, in the Devil’s Kitchen, and along Indian Ridge, all of
which are underlain by the Oliverian granite magma dome.
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The igneous rocks take the form of classic granites,
with ‘salt‐and‐pepper’ appearances that can be seen
on several bank foundations in the area, as taken from
Quarry Hill and elsewhere. The slightly metamor‐
phosed sedimentary and granular volcanic rocks take
the form of schist with clearly bedded layers that re‐
flect the composite of materials that went into the
rock. Fine muds and silts were transformed into the
fine slaty schists that made the slate mill era along the
upper Mascoma so profitable. Coarser sands and grav‐
els became the pebbly, sulfidic schists found lower
down in the Mascoma River and up along Great
Brook. Both light phase and dark phase rocks were
formed in these schist beds – the light phase arose
from a predominance of volcanic ash that had been
laid down, and the dark phase arose from the ero‐
sional byproducts of lava. Excellent light phase rocks
can be seen atop Farnum Hill, and dark phase
metavolcanics can be found off Loomis Road, below
Trues Brook falls, behind Falls Way, and in the lower
Boston Lot.
The bedrock resources of Lebanon are not in danger
of being exhausted. Ample supplies exist in spite of

“A large vein of quartz runs along the eastern part of the
town, a prolongation of the immense deposit of that material
on Moose Mountain; it appears on the Cleaveland Farm to
the south, and extends into Enfield and Grantham.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

Effects of Glaciation

The pure white vein of quartzite described above by Charles
Downs can be easily viewed atop Mt. Tug in the exposed
ledge next to the microwave transmitter facility. This vein
was likely a result of pure silica (sand) that was heated,
melted and cooled within the carbonaceous‐rich schist of
the Littleton formation.

nearly two hundred years of quarrying. The only re‐
maining hard rock quarry on Mount Finish owned
and operated by Pike Industries has removed less
than one third of the hornblende‐rich schist on the
mountain. This is one of several locations in Lebanon
that contain this type of rock, although the current
viability of opening up another rock quarry where
these Ammonoosuc volcanics occur is slight. Perhaps
the only competing value for this type of bedrock is its
steady supply of calcium that supplies the soil
through various weathering processes. The amount of
calcium available in this schist is not insignificant –
areas like Mount Finish with high concentrations of
hornblende or pyroxene1 can supply over 75% of the
available calcium to the root zone of trees. Biotic in‐
1

Fine‐grained slaty schist formed the foundation and source
of profit for the slate, then bobbin mill along Mill Road in
the upper Mascoma River area. Fine horizontal bedding pro‐
moted sharp cleavages and even splits among the “shakes.”
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teractions near the soil surface supply the rest. This is
augmented by the minerals present in the overburden,
or those rock fragments that have arrived in Lebanon
from the north‐northwest by virtue of four ice sheets
over the past two million years.

Hornblende is a very common mineral in metamorphic rock
that has the general formula: (Ca,Na)2,3(Mg,Fe+2,Fe+3,Al)5 (Al,Si)
22
8O (OH)2. Pyroxene is a group of common rock‐forming min‐
erals of the general formula (ABSi2O6) where A is chiefly Mag‐
nesium, Iron, Calcium, or Sodium, and B is Magnesium, Iron,
or Aluminum. (American Geological Institute 1983).

At least four successive periods of glaciation during
the late Miocene and Holocene Era wrought signifi‐
cant changes to the mantle of erosional debris that
had accumulated over the surface of this ancient
mountain range. Upwards of twenty feet of material
got shifted, scraped off, re‐deposited, and sorted into
the various beds of glacial till and outwash that lie at
the surface today. The latest period of glaciation, the

posited materials comprised of very fine sands, silts,
and clays have created a mantle of alluvial materials
over the outwash. These loose soils have very little
structure and are constantly being washed away and
re‐deposited downstream. Slightly higher on the slope
there are still beds of glacio‐lacustrine deposits that
were laid down during the thousand or so years that
glacial Lake Hitchcock was still in existence. This 200‐
mile long lake extended from Middletown Connecti‐
cut to north of St. Johnsbury, Vermont.2 Over a period

“If many fragments of Colburn Hill have passed to the south
in some of the mysterious movements of ancient times,
places to the north have sent down their rocks, and there is
no deficiency in the supply.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

Wisconsin Glacier that took place 12.5 to 20 thousand
years ago, effectively eradicated any evidence of prior
glaciation, although deep bed sediments exposed on
the banks of the Connecticut and Mascoma River may
contain “rotten rock” from the previous, Illinoan gla‐
ciation period.
Glacial till – loosely sorted material containing silts,
sands, gravels, stones, and boulders – overlies more
than three‐quarters of the City. The remainder is split
between pro‐glacial (outwash) materials, recently
formed alluvium, and glacio‐lacustrine deposits. The
pro‐glacial outwash sediments have been sorted by
glacial meltwaters and were deposited in low‐lying
beds along the major river and stream valleys. These
are the principal sources of sand and gravel in Leba‐
non, and are invaluable as groundwater recharge sites
for the region’s aquifers (see below). Along the Con‐
necticut and lower Mascoma Rivers more recently de‐

In the previously glaciated Northeast, soil is nothing more
than glacial material that has been acted upon by climate and
the decomposition of organic matter over the past several
thousand years. Exposed soil, as shown above, can quickly
release its fine particles, organic debris, and poorly bonded
ionic compounds into the surrounding environment.

of 3,000 years, water‐borne particulates settled in this
lake and formed dense layers of silt and clay over pre‐
viously deposited sands and gravels. Each of the above
glacially‐derived substrate types is significantly tied to
the fabric of biological resources that occur in Leba‐
non. Most importantly, these glacial deposits pro‐
vided the parent materials for the formation of soil.
2

For an excellent synopsis of glacial Lake Hitchcock, see

www.bio.umass.edu/biology/conn.river/hitchcock.html.

B. OVERVIEW OF SOILS & SLOPES

crop are found on prime farmland soil.3

One of the most significant natural resources of Leba‐
non is its soils. These nutrient‐rich aggregations of
rock fragments, minerals, organic debris, and living
organisms form the basis of all plant, animal, and
natural communities in the City. Within a mere meter
of the surface, 90% of all biological interactions in the
soil take place. Within a cubic inch of soil there are
miles of fungal cells, hundreds of invertebrates, and
thousands of bacteria and protists. In fact, greater
than 75% of the biomass of a typical clump of topsoil
is organic in nature. Nurtured by regular precipita‐
tion, broken apart by frost, recycled by plants, and
infiltrated by countless numbers of vertebrate and
invertebrate organisms, the soil and its vitality sup‐
port all life.

Good growing soils in Lebanon are comprised of three
types ‐ prime farmland soils, soils of statewide impor‐
tance, and soils of local importance. These three des‐
ignations have been assigned by the United States De‐
partment of Agriculture Natural Resource Conserva‐
tion Service (NRCS), who considers various factors of
soil chemistry and morphology in order to derive the
relative tilth of each soil series for growing crops.
Productivity factors include soil reaction (pH), tex‐
ture, structure, consistency, presence of a hardpan
layer, depth to bedrock, soil moisture levels, available
water capacity, erodibility, and level of organic mat‐
ter. Prime farmland soils are considered the best
growing soils and have the highest yields of corn si‐

Lebanon is well endowed with nutrient‐rich soils. The
fortuitous combination of calcium‐rich bedrock, fine‐
textured glacial deposits, and ample rain and snow
has produced an excellent growing environment for
plants. In an era when very few working farms can
still claim farm income, Lebanon has an above aver‐
age level: 5.3% of lands produce commercially viable
agricultural products. These active agricultural lands
are concentrated in areas where hornblende and py‐
roxene‐rich schists and very fine sandy loams or silt
loams produce good to excellent crop yields. Crops
vary from hay to corn to fruit trees, as well as pasture
feed for small‐scale dairy and other livestock opera‐
tions. Whereas the deepest and richest soils tend to
form in alluvial materials along major rivers, Lebanon
has excellent growing soils scattered throughout its
rich uplands. Not all of these soils are actively being
farmed, however, as the map at right depicts. Just 23%
of those areas that are currently growing some type of

Soils of statewide and local importance lack the productivity
of prime farmland soils, usually on the basis of slope or exces‐
sive soil water. These actively managed fields off Hardy Hill
Road include both of these restrictions and are therefore
somewhat less productive than fields across the street.

lage, grass hay, grass‐legume hay, and animal forage
(grass‐clover) of any soil in a given area. They are
typically deep, well‐drained or moderately well‐
drained, fine textured, and have a higher pH range.
Bottomland (floodplain) examples include the follow‐
ing series: Occum, Pootatuck, Podunk, Hadley, and
Winooski; examples in outwash areas include Aga‐
3

This co‐occurrence of active agricultural areas and prime
farmland soils is based on the NRCS soils map of the city,
which has a stated limitation of 2 to 5 acres. It is likely that
some of the remaining 77% of the active agricultural areas are
located on good growing soils as well.
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wam and Groveton; examples in glacial till include
Charlton, Peru, Bernardston, and Pittstown.
Soils of statewide importance have smaller crop yields
according to the NRCS. One or more factors cause their
productivity to be somewhat lower, such as high soil
moisture levels, steepness, erodibility, or lower pH
ranges. Three of the prime farmland soil series on steep
(i.e. > 15%) slopes fall into this category, including
Charlton, Bernardston, and Pittstown soils. Three soil
series with high water tables are also rated for statewide
importance, including Suncook, Deerfield, and Croghan
soils. The remaining two soils of statewide importance
are those that formed on glacio‐lacustrine silts and
clays, specifically Hitchcock and Dartmouth soils. It
should be noted that these two soils were named for
deposits found in the Hanover‐Lebanon area.
Soils of local importance have been further compro‐
mised by surface stones, water, steepness, droughtiness,
and depth to be ranked third in terms of productivity
for cropland. These soils are still very important grow‐
ing soils, and when covered in trees offer excellent site
indices.4 Many of the stony phases of the soil series of
statewide importance fall into this category, such Charl‐
ton, Bernardston, Pittstown. A stony phase is indicated
in these series when .5 ‐ 3% of the soil surface is covered
by stones >3” and < 24” diameter. Wet soil series such as
Rippowam, Limerick, Walpole, Stissing, Binghamville,
and Pillsbury, if properly drained, can be and have been
used for agriculture. In contrast, droughty soils such as
Adams and Windsor, if properly irrigated, can also be
productive for farmland. The remaining soils of local
importance include series with hard pans, shallow
depths, and high erosion indices.
Prime farmland soils cover 1321 acres (5%) in Lebanon,
4

Also defined by the USDA, the site index is merely the height
to which an average tree of a particular species reaches in 50
years. A typical site index for soils of local importance is 65 for
white pine and sugar maple.
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with individual units ranging from .58 acres to 71.7 acres
and a mean of 10.0 acres. Soils of statewide importance
cover 1873 acres (7.1%) of Lebanon, with units ranging
from .015 to 184.37 acres and a mean of 11.85 acres. Soils
of local importance cover 6639 acres (25.13%) of Leba‐
non, ranging from .093 to 332.05 acres and a mean of
16.56 acres. All three types comprise the good growing
soils of Lebanon, totaling 9833 acres (37.2%). The map
at right illustrates the location of these soils.
Steep Slopes
Steep slopes are a critically important part of the re‐
gion’s topography. Created by the geologic forces de‐
scribed above, they have a significant bearing on how
fast water flows downhill, how much solar radiation
heats up the earth, how much moisture is retained by
the soil, and how productive the land is for agriculture,
forestry, and wildlife. In an area with winter snow cover
and frost, the relative steepness of the land is further
affected by aspect, or, the direction to which a particu‐
lar slope faces. South‐facing slopes, for instance, heat
up faster in late winter yet are subject to greater frost
(a.k.a. freeze‐thaw) action. North‐facing slopes remain
frozen longer and gradually warm as the ambient tem‐
perature rises, and therefore do not “heave” as much.
Aspect combines with slope in affecting erosion poten‐
tial, plant community diversity, crop and timber pro‐
ductivity, and wildlife population viability.
For this NRI, steep slopes were defined as being
greater than 25% by the City of Lebanon Planning Of‐
fice. Initial mapping of areas greater than 25% was
based on the NRCS Soil Survey Map of Grafton County
(1999),
as
well
as
updates
provided
by
www.soildatamart.nrcs.usda.gov. NRCS Order 2 soil
mapping standards have a stated precision limit of 2 – 5
acres, however, and therefore only provide a rough ap‐
proximation of where slopes are greater than 25% in
Lebanon. A much more accurate representation of
slopes was provided by Mark Goodwin, GIS Coordinator

in the City Planning Office through the use of a trian‐
gular irregular network (TIN) mapping protocol that
used Lebanon’s computer mapping system or GIS.
This allowed for the transformation of various eleva‐
tion points that were created during the 2007 photo‐
grammetric survey into a series of GIS data sets for
various slope classes. The result was a series of TIN’s
(elevation models) for various slope classes, including
<15% and >35%. Since this effort was intended to pro‐
vide a base map for the assessment of erosion poten‐
tial, plant productivity and wildlife, a number of as‐
pect‐slope classes were created:
Product

Aspect

Degree Range

10

SE

100‐190

>60%

9

SW

190‐285

>60%

8

SE

100‐190

35‐60%

7

NW, NE

285‐100

>60%

6

SW

190‐285

35‐60%

5

SE, SW

100‐285

25‐35%

4

NW, NE

285‐100

35‐60%

3

SE, SW

100‐285

15‐25%

2

NW, NE

285‐100

15‐35%

1

ALL

0‐360

% Slope

<15%

Table 1. Slope‐aspect classes were established for assessing
the value of steep slopes for various purposes in Lebanon.
The higher the product, the higher the value for wildlife, rare
natural communities, and biodiversity. Soil erosion and other
structural/design problems associated with steep slopes
roughly correlate with this model as well, where higher prod‐
uct scores equate with greater soil instability and higher engi‐
neering costs. Aspect refers to the direction in which the
slope is facing, and therefore has a direct bearing on the
amount of solar radiation present throughout the year. Many
wildlife species rely on this solar gain to survive harsh winter
weather.

The 11” x 17” map in the Appendix also illustrates a
comparison between the TIN‐derived steep slope map
and slope classes derived from the NRCS data. The
purpose of this comparison was to overlay K‐factor

erosion information in steep slope areas. K‐factor
erosion statistics were derived from the Engineering

Over ten thousand years of plant decomposition,
gradual percolation of humic acids, and develop‐
ment of soil mycorrhizae can be undone by lifting a
single shovel‐full of surface soil from its place.
and Soil Properties Table in the Grafton County Soil
Survey (1999). They relate to the erodibility of any
given soil layer for every soil series in the county,
based on either water (w) erosion or freeze‐thaw (f)
erosion. In Lebanon, the following categories of erodi‐
bility were highlighted:
1.

Very Erosive K‐factor (for either w or f) = ≥.4
for any soil layer

2. Moderately Erosive K‐factor (for either w or f)
= .2 ‐ .39 for any soil layer
For the purposes of this assessment any soil series or
slope class that had the above Kw or Kf values in any
layer (i.e. O, A, B, or C horizon) were considered
highly erosive. This includes any soil erosion that
could result from terrain alteration, flood flow, freeze‐
thaw action in exposed soils, wind‐thrown trees, or
other soil disturbance event.
Why is Soil Erosion a Concern?
The following summarizes the principal concerns as‐
sociated with the erosion of steep slopes and the loss
of surface soil layers:
1.

Loss of structural integrity for subsequent use of development

2.

Alteration of surface and groundwater flow pathways

3.

Loss of soil nutrients and biological soil activity

4.

Loss of native vegetation / introduction of invasive plant species

5.

Siltation of downslope water bodies / loss of water quality &
aquatic life

6.

Reduction in soil buffering capability relative to nutrient attenua‐
tion

7.

Increased albido (ground‐based solar reflectance) with resultant
localized drought, altered ET (evapotranspiration), and increased
wind velocity

Although some soils are naturally
unstable – for example, the glacio‐
lacustrine and alluvial soils de‐
scribed above, the exposure of their
lower layers or substrata of even the
firmest of glacial tills can cause ir‐
reparable harm to their structural
integrity. Compact basal tills
(hardpans), if broken apart, can im‐
mediately erode into a series of
miniature canyons and valleys
thereby compromising their struc‐
tural strength for supporting added
fill in a roadway or for supporting a
foundation. Perhaps the greater en‐
gineering challenge is the subse‐
quent shift of water flow pathways,
both from surface run‐off and
groundwater discharge. Altered
soils will form new run‐off channels, Sediment deposition in the buffer zone of a stream based on different particle sizes {Derived
from Wischmeier, N.P. and D.D. Smith. 1978. Predicting rainfall erosion losses. Agric.
expose previously subterranean Handb. 537. USDA. Agricultural Research Service, Washington, D.C.
groundwater tables, and act as new
its chemical nutrients to downstream sites. Oxides of
‘sinks’ for ponding and flooding. This can exacerbate
aluminum that are commonly found in this layer can
erosion and completely change the way in which sur‐
actually toxify downstream sites if a sufficiently acidic
face and groundwater interface with one another.
run‐off washes through this layer. Over ten thousand
Changing the water pathways typically results in an
years of plant decomposition, gradual percolation of
uneven distribution of water flow where some areas
flood more regularly and become wetlands, and other
humic acids, and development of soil mycorrhizae can
areas dry up and become isolated ‘deserts.’
be undone by lifting a single shovel‐full of surface soil
from its place.
Removing the surface soil layers, especially the or‐
ganic layer (the ‘O’ horizon) and the organic‐enriched
The exposure of new soil horizons in the absence of
layer beneath it (the ‘A’ horizon), will also change the
nutrients and soil fungi prevent all but the hardiest of
way in which nutrients are deposited, broken down
plants from taking hold. Unfortunately, these plants
and taken up by plant roots. As noted above, surface
tend to be the most aggressive and tolerant of plant
soil horizons are rich in biological activity and form
species, namely the invasives such as bittersweet
an essential ‘mat’ of nutrient exchange. Scraped or
(Celastrus orbiculatus), barberry (Berberis thunbergii
eroded soils eliminate >90% of this activity if both the
and B. vulgaris), and Japanese knotweed or
O and/or A horizons are removed. The principal re‐
‘bamboo’ (Falopia cuspidata). Whereas many of the
ceiving layer (or ‘B’ horizon), if exposed, will release
non‐native species such as dandelion (Taraxacum offi‐
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cinale) and common speedwell (Veronica officinalis)
have long since adapted to the native flora and are
found as minor components in otherwise natural eco‐
systems, these more recent arrivals have taken advan‐
tage of soil disturbance to dominate and control their
vegetated environment. In one study at a National
Wildlife Refuge in Rhode Island, non‐native flora was
found to cover up to 80% of the dominant flora in any
given area.5
Destabilized steep slopes tend to transport sediments
of a variety of particle sizes downstream at a greater
rate. Whereas stones, cobbles, and gravels tend to fall
out of the water flow fairly quickly, fine sands and
silts tend to remain in the water column for upwards
of 400 feet or more. As shown in the graph on the pre‐
vious page, silts can be transported several hundred
feet away from a water source before settling out. For
areas in Lebanon where fine‐textured glacial tills and
glacio‐lacustrine soils are prevalent, this can be a
problem. Water‐borne silt decreases available oxygen,
clogs gills, and reduces water clarity, thereby neutral‐
izing photosynthetic capability of aquatic plants.
An additional concern associated with soil distur‐
bance and topsoil removal is the loss of the nutrient
attenuation function. This is of particular concern in
hydric soils where soil bacteria and other micro‐
organisms metabolize complex hydrocarbons includ‐
ing artificially created compounds such as oil, gas, and
grease. Both surface run‐off and groundwater trans‐
port can carry road salt, aluminum oxides, and petro‐
leum products very quickly into rivers and streams
without the buffering effect of topsoil. This can lead
to fish kills, poor drinking water quality, and out‐
breaks of coliform bacteria.
5

USFWS. 2000. Rhode Island National Wildlife Refuge Com‐
plex. Draft comprehensive conservation plan and environ‐
mental assessment. Executive Summary. U.S. Fish & Wildlife
Service, Hadley, Massachusetts.
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Perhaps the least understood negative effect of soil
erosion and loss is the increase in albido that often
accompanies the exposure of bare soil to sunlight.

other artifact (e.g. cars) installed. Wind speeds tend
to increase, air temperatures fluctuate more widely,
and relative humidity drops. Although local effects on
weather patterns may not be discernible, the effects
on plant communities in the nearby area usually are –
with significant consequences (again) on invasive
plant species dominance.
Summary of Lebanon’s Soils of Concern

Over one quarter of Lebanon has slopes in excess of 25%. Over
three‐quarters of the City has erosive soils. The intersection
of these two conditions can be very problematic for any devel‐
opment activities that do not take extra precautions. The
slope above is along the Mascoma River below Route 4. Cut
banks that were a part of the construction of Mill Road over
150 years is still causing severe destabilization in certain ar‐
eas.

Whereas the effects of plant and soil moisture loss can
be measured, the action of direct solar reflectance to
the atmosphere cannot. Typically, newly scraped
earth goes through a period of rapid heating and cool‐
ing during the growing season that is incompatible
with most vascular plants. Mosses and lichens often
develop the first, pioneer successional stage followed
by aggressive vascular plants such as some of the inva‐
sives mentioned above. Over time, the more shade‐
tolerant plants thrive in the understory of the sun‐
adapted pioneers and take over as the dominants in
the canopy. If the site has been converted to residen‐
tial or commercial development, however, the solar
reflectance value remains constant or may increase
depending on the type of pavement, sidewalk, roof or

Hitchcock and Dartmouth series, and the very fine
sandy‐silts of the Bernardston‐Pittstown‐Stissing gla‐
cial tills. Moderately erosive soils included glacial out‐
wash series such as Colton, Agawam, and Windsor
soils, shallow‐to‐bedrock tills such as Cardigan‐
Kearsage, Tunbridge‐Lyman, and Charlton series, plus
some finer textured glacial tills such as Berkshire,
Marlow, and Peru soils. The amount and extent of
erosive soils is a significant feature of the natural re‐
source set in Lebanon, wherein any work in steep ar‐
eas should take caution to avoid unnecessary soil dis‐
turbance or prolonged periods of inadequate stabili‐
zation of exposed soils. As a way of encouraging the
avoidance of extremely erosion‐prone areas, the map
also indicates where TIN‐based slopes in excess of
35% intersect erosive soils. This area includes 1671
acres (6.3%) of Lebanon.

According to the NRCS soil mapping regime, there are
approximately 12154 acres of soils that are greater than
or equal to 25% slope in Lebanon. This represents
46% of the City. This differs from the raster‐based
TIN derivative by 5432 acres, wherein the latter re‐
sulted in approximately 6722 acres or 25% of the City.
Comparably, the amount of soils‐based slopes >35%
was considerably higher, or 4973 acres versus 2101
acres. Steep soils are generally located along the sides
C. OVERVIEW OF WATER RESOURCES
of the hills, ridges and valleys in Lebanon, such as the
sides of Mount Lebanon, Signal Hill, Mount Finish,
Water is one of the most precious commodities of the
Farnum Hill, Eastman Hill, and Mount Tug.
Water Body Name
Length (miles)
Area
% of
The principal difference between the soils‐
(acres)
Lebanon
Lentic (shoreline)
based steep slope areas and that of the raster‐
1.4 (in Lebanon)
93.67
.35
based TIN was the higher degree of resolution Mascoma Lake
of the latter, which was able to map all areas
with steep slopes on a 25‐foot square pixel ba‐
sis. This not only refined the soil‐slope areas it
also added other, smaller units of steep slopes
such as along highway rights‐of‐way and
within streambanks.
The map in the Appendix contains a secondary
overlay of erosive soils as defined above. A
total of 10,280 acres (39% of the City) of very
erosive soils were found in Lebanon, as com‐
pared to a total of 12,385 acres (47% of the City)
of moderately erosive soils. The most highly
erosive soils included frequently flooded allu‐
vial soils such as Hadley, Limerick, and Wal‐
pole series, glacio‐lacustrine silts such as

Boston Lot Lake

1.2

45.05

.17

Unnamed Ponds (N = 158)

‐

65.12

.25

Temporary Ponds (N = 12)

‐

10.39

.04

Detention Ponds (N = 6)

‐

2.89

.01

Lotic (centerline)

Connecticut River

7.3

316.31

1.20

Mascoma River

9.6

129.08

.49

Perennial Streams

130.14

210.98

.80

Intermittent Streams

63.48

‐

‐

Ditches & Culverts (N = 111)

3.53

1.45

.005

Total

214.05 (lotic only)

874.94

3.31

Table 2. Surface waters of Lebanon. Note: lentic refers to lens‐shaped
water bodies such as lakes and ponds, Lotic refers to running waters
such as streams.

classifying, and mapping wetlands in the City. Chapter
III covers wetlands in detail, and describes the way in
which the accompanying wetland maps were created as
well as how each wetland complex was investigated and
assessed.

Connecticut River from Trues Landing

21st century. In the northeastern United States freshwa‐
ter is a frequent and persistent part of the landscape
with most of the New England states having over 5% of
its land surface covered by open freshwater (and in
Maine over 12%). Adding wetlands to the set of water
resources almost doubles this figure, wherein water is at
or near the surface of the ground for a long enough pe‐
riod of time to completely change plant communities
and soil characteristics. Water is cycled through the
landscape and the atmosphere through a variety of
pathways that include plants, animals, fungi and a host
of other biotic organisms as well as through direct
evaporation and regular precipitation. As noted in the
section on geology, water has been transported through
the landscape in the form of ice, gas, and liquid for at
least the last 400 million years in Lebanon.
Because of the critical nature of water to all life, the
quantity and quality of water received special attention
during this NRI. Fortunately, a great deal of information
had already been accumulated on the water resources
of Lebanon. The City Planning Office had amassed an
impressive amount of data – notably digital data – on
the surface water bodies in the City. GIS‐based informa‐
tion on the streams, rivers, lakes, and ponds was readily
available, as was water quality data on the Mascoma
River and Mascoma Lake. Since knowledge about Leba‐
non’s wetlands was far less detailed, most of the water
resource mapping effort was expended in identifying,

In terms of surface water, Lebanon contains two major
rivers, at least nine named brooks, two lakes, 27 ponds
> .5 acres in size, and 121 wetland complexes. The total
amount of open water in Lebanon is approximately 875
acres, or roughly 3.3% of the City. The following named
Bordered by the Connecticut and bisected by the Mascoma, Lebanon qualifies as being one of the most notable “river cities” in
and unnamed water bodies make up this total:
the state of New Hampshire. This view from Water Street testifies to significance of the water resources in the City.

Mascoma Lake and Boston Lot Lake are the only two
major lentic (i.e. lens‐shaped) water bodies in Lebanon.
These are considered true lakes in that they have a sig‐
nificant amount of area with depths greater than 6.6
feet (i.e. deepwater) and they have waved‐washed
shorelines. In both lakes there are also fringe wetlands
less than 6.6 feet deep that are mostly vegetated in the
summer. All of the other 158 unnamed ponds, 12 tempo‐
rary ponds, and six detention basins are less than 4
acres in size. The largest are actually the temporary set‐
tling ponds at Pike Industries below Mount Finish. Of
the smaller ponds at least two‐thirds of them were ex‐
cavated and/or dammed for agricultural, recreational,
or wildlife purposes. Except for the created/enhanced
ponds at WalMart, only one of them exceeded an acre
in size.
Although somewhat shorter in length, the Connecticut
River is by far the largest riverine water body in Leba‐
non. Averaging roughly 500 feet in width, this line of
demarcation with the state of Vermont is replete with
shoals, point bars, rocky shorelines, and muddy back‐
waters. At least six islands dot the inner channel, the
largest of which, Johnson Island, is roughly 4.4 acres in
size. Several other temporary “islands” can be found in
the late summer when low water exposes shallow gravel
bars. Wilder Dam has had a major influence on the flow
and replenishment of the river, and although equipped

with a fish ladder, it still mostly blocks upstream pas‐
sage of anadromous and catadromous fish. The river is
large enough to have an actively wave‐washed shore‐
line, which serves as a unique habitat for plants and
animals. Coupled with the groundwater seepages that
enter the shoreline, the Connecticut offers one of the
most unique aquatic habitats for rare species in Leba‐
non (see Chapter V).

Road, the island forest above Stoney Brook, Baker’s
Crossing, the meadows and ponds across from the
City’s pumping station, the shrub swamps above Route
120, and below Old Pine Tree Cemetery. Each of these
acts to suppress flood flow and protect the loss of prop‐
erty downstream.
The principal named brooks in Lebanon – Ruddsboro
Brook, Stoney Brook, Hardy Hill Brook, Blodgett Brook,
Great Brook, Slayton Hill Brook, Hibbard Brook, Bloods
(Trues) Brook, and Stockwell Brook – enhance the qual‐
ity of life for wildlife, forests, farmers, fish, and recrea‐
tionists. Over 130 miles of perennial streams in Lebanon
make for one of the highest drainage densities in the
region – 3.15 stream miles per square mile of area. In the
upper Great Brook area this actually exceeds 7.6 stream
miles per square mile. Except for small areas on Signal
Hill and Farnum Hill, a person walking the back lands
of Lebanon will be no more than a third of a mile from
the nearest stream and usually less. Another 50% of the
overall stream mileage in Lebanon is represented by
intermittent streams where water flows in fall and win‐
ter but dries up in the summer. These critically impor‐
tant areas channelize overland flow into recharge areas

The upper Mascoma River is the City’s only public
drinking water source and, therefore, plays a pivotal
role in the water quality monitoring that takes place. At
nearly ten miles in length, the Mascoma bisects the City
nearly in half, and provides a ‘trunk line’ for at least six
named perennial streams to enter into. Year‐round
flows are checked by at least three dams, although the
upper reaches below Mascoma Lake and above the
pumping station flow effectively uninterrupted since
the demise of the old slate and bobbin mill along Mill
Road. Unlike the Connecticut River the Upper Mas‐
coma is wadeable except during spring floods and offers
excellent fishing reaches for the angler. It also supports
a high diversity of riparian wildlife species, which have
responded well to the gradual encroachment of a for‐
ested edge. Several critically important floodplain for‐ 7
Sobczak, W.V. and E.A. Colburn. 2007. Subsurface Flowpaths in
ests and oxbows are scattered along the edge of the a Forested Headwater Stream Harbor a Diverse Macro‐
Mascoma, including the oxbows below Eastman Hill Invertebrate Community. Wetlands Vol. 27 No. 2.
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quality is the maintenance and enhancement of vege‐
tated riparian buffers. At least five factors relative to
buffer protection have been cited in the literature:

for the region’s groundwater supplies. Sub‐surface
macro‐invertebrates have been shown to survive the
dry summer months only to arise as adults when wa‐
ter returns again in the fall.7 These ‘dry’ streambeds
check downstream flooding from summer showers,
infiltrate and break down nutrients from run‐off, and
capture sediments from salt‐laden roads. Although
often unappreciated, intermittent streams play an es‐
sential role in providing a steady supply of clean water
to downstream users.

1.

2. Riparian buffers can cause a significant reduc‐
tion in the amount of herbicides and pesti‐
cides that enter a stream (Paterson and
Schnoor 1992, Arora et al. 1996)

Groundwater
Water that infiltrates below the surface of the soil is
considered to be groundwater. Whereas over 20% of
the world’s freshwater supply comes from groundwa‐
ter, less than one percent of the world’s freshwater
lies in the ground.8 In Lebanon, virtually all of the
outlying residences rely on groundwater for their
principal water supply. Groundwater that lies in con‐
solidated materials (e.g. rock) and/or unconsolidated
materials (e.g. sand & gravel) is considered to be an
aquifer. Bedrock aquifers are widely scattered in Leba‐
non, and very little is known about their capacity, re‐
charge rate, or production beyond the private wells
that draw from these aquifers. In contrast, the loca‐
tion of stratified drift aquifers, or those that occur in
deeply bedded layers of glacially derived sands and
gravels, are very well known. The State of New Hamp‐
shire has mapped a total of 21 stratified drift aquifer
units in Lebanon, with a total area of 4392 acres or
16.6% of the City. The map on the following page
shows that most of these aquifers have relatively low
yields – i.e. < 1000 acre‐feet/day; however, there are
some areas where medium to high yields are possible.
The latter includes the Two Rivers Conservation Area
area and the shopping plazas to the south. There are
also scattered pockets of above‐average yields avail‐
able from along the Mascoma River, in the Sachem
8

http://en.wikipedia.org/wiki/Groundwater
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Cascades at Trues Brook Natural Area

Village area, and near the Lebanon Airport.
Protecting Lebanon’s Water Resources
Of critical concern to the health and viability of both
surface waters and aquifers is the control of floodwa‐

ters and the treatment of non‐point source (NPS) pol‐
lution. Wilder Dam and the Mascoma River dams al‐
ready provide a good measure of floodwater protec‐
tion, as do the undeveloped floodplain forests, wet‐

Water is one of the most precious
commodities of the 21st century.

Intermittent streams such as this one in the lower Landmark
lands help desynchronize flash floods, recharge groundwa‐
ter to bedrock and stratified drift aquifers, and support a
diversity of micro‐organisms that are perfectly adapted to
dry summer conditions. For this reason they are included as
jurisdictional wetlands under the state Wetlands Protection
Act of 1969.

Riparian buffers can cause a significant reduc‐
tion in the amount of sediment, nitrates, and
other nutrients that enter a stream system
(Osborn and Kovacic 1993, Daniels and Gilliam
1996, Lowrence et al. 1997a, Lee et al. 2000)

lands, and oxbows noted above. With three “hundred‐
year” floods in the state in the last four years, there is
good reason to suspect that even more attention
should be paid to flood prone areas than what is cur‐
rently being considered. Careful calculations of flood‐
water impacts to the 50+ miles of sewer lines or the
73+ miles of ditches or 2650 culverts in the City also
need to be completed. Many of these water transport
mechanisms are under‐sized and inadequately main‐
tained. Failure to inspect, resize and monitor these
artificial waterways could result in tremendous losses
to public and private property. The “string of pearls”
project promoted by the Rotary Club is an excellent
example of what can be done to protect and preserve
these floodplains, not just for recreation and aesthetic
purposes but for active mitigation of flood surges.
One of the most important measures to protect water

3. Riparian buffers have little to no effect on nu‐
trient removal beneath the root zone
(Lowrence et al. 1997b)
4. The effectiveness of the riparian buffer de‐
pends upon the width and slope of the buffer
relative to the upslope loading (Castelle, John‐
son and Connolly 1994, Wenger 1999, Klap‐
proth and Johnson 2000)
5. Removal of forest cover and an increase in the
amount of impervious area in a watershed will
increase stream flow and the transport of nu‐
trients (Hornbeck, Martin, and Eager 1997,
Johnson, Johnson, and Siccama 1991)
The map on the following page indicates suggested
buffer areas for streams, lakes and ponds, wetlands
and shorelands. Standard distances are used as de‐
rived from the above literature, from the NHDES In‐
novative Land Use Planning Techniques (Chapter 2.4
2009), Planner’s Guide to Wetland Buffers for Local
Governments (Environmental Law Institute 2008),
Buffer Zones and Beyond (Boyd 2001), and from the
NHAS / NHOSP publication Buffers for Wetlands and
Surface Waters ( Chase et al. 1997). Recommended
buffer distances are as follows:
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Intermittent Stream

25 feet

Perennial Stream (for water quality) 100 feet
Perennial Stream (for wildlife)
200 feet
Wetlands (All)

100 feet

Shorelands under RSA 483‐A

250 feet

Not all buffers require the same types of treatment.
For example, in the latest NHDES publication on In‐
novative Land Use Planning Techniques, they review
several examples of where different municipalities
regulate certain activities within specific setback dis‐
tances. For instance, Lyme restricts structures within
100 feet of wetlands but allows agriculture, forestry,
conservation and passive recreation. Milford requires
a 25‐foot natural vegetation buffer but expands this to
100 feet around bogs. Sandwich restricts uses within
125 feet of any wetlands to varying degrees, but only if
the wetland is greater than 15,000 square feet. The
report notes that there are 111 municipalities in New
Hampshire that restrict activities in wetlands, and
that 62 further restrict land uses in the adjacent up‐
land buffer.
There are a number of other ways in which water
quantity and water quality can be protected in Leba‐
non. Additional recommendations are offered in the
final chapter that addresses open space, ecological
integrity and conservation priorities.
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The absence of a riparian buffer in downtown Lebanon has
allowed excess sediments, nutrients (especially road salt) and
occasional pollutants to enter the river. It has also restricted
wildlife passage, although strictly riverine species still occur
there.

