4. Environmental Inventory and Analysis

Any understanding of why Mashpee's natural resources require and desgection must be
based on an understanding of what they are and why they are impontatie following
sections we will, therefore, take a tour through Mashpee's natural world from the bpttom

The chapter begins with the bedrock on which Cape Cod is built. It addré®e fascinating
processes that caused more than 400 feet of sand, gravel and stoneepodied upon that
bedrock and how the upper level of those deposits has been modified by wiad, phaits,
bacteria, worms and other natural forces to become what weotalNext is an analysis of the
values and limitations of our various solil types.

The following section briefly describes those aspects of our |lapelsghich give Mashpee its
special character, including distinctive landforms, scenic aneésuaique environments. We
will look at the impact that development has had, and may have in tive,fon the town’s

scenic character and on recreational use of various areas.

Interacting with soils and the plants and animals that rely on, tmatading man, and flowing
over and under and surrounding all, water and the variety of environmenggitiés is studied
next. We will look at groundwater as a resource for man andsaefiect on surface
environments such as bogs, marshes, rivers and ponds. We will studgutiase water bodies
as their waters flow to, and meet, the sea, looking at our estusalé marshes, salt ponds and
bays.

Mashpee’s vegetation is reviewed next, with an emphasis on thrieepbast communities:
upland forests and fields, freshwater wetlands and pond and stream edges.

A review of Mashpee’s fisheries and wildlife looks at finfish, liéisé, mammals, birds, and
insects and then discusses wildlife corridors and Mashpee’s nagatened and endangered
species.

Finally, environmental problems that could influence our open space am@ti@arplanning
efforts are briefly reviewed.
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A. The Ground Beneath Us - Geology, Soils and Topography

In describing his discovery of the principle of the lever, Archimadegported to have said
"Give me a place to stand, and | will move the world". Alas, Angliies had no such place to
stand, only the earth itself, and despite our brief incursions into,speitleer have we. Though
we do not often think of it, the earth below our feet is basic to dsteexxe. We must walk on
it, build our homes, factories and schools on it, mine our raw mat&oatsit, grow our food in
its soil and, on Cape Cod, draw our water from it.

1. Bedrock Geology

It is appropriate, therefore, that we begin our exploration of Mashppeh spaces and natural
places with an investigation of its foundations. Deep below our feetia2600 feet down
depending on where you stand (see Map 4-1), lies the solid rock crust ehith's mantle.
(Things get less solid and very hot if you head further towardsethiercof the planet, but we
will limit ourselves here to the cooler upper crust only!) Alorithvihe rest of Cape Cod and
Plymouth County, Mashpee is underlain by plutonic and metamorphic rocks ofbleroba
Proterozoic Z age (Upper Proterozoic - 600,000,000 to 2 billion years did)owstasional
inclusions of plutonic and volcanic rocks of Paleozoic or younger age.e Tingdsde granite,
gneiss and schist, with feldspathic gneiss and amphibolite predomindtiragher words, there
is a very old and hard bed of rock down there. It is also a rathérsal, with no known fault
lines and infrequent local seismic activity (few earthquakes of any sigraéga

In the two billion years or so since our local bedrock was formed, much has hppé@neCape

Cod itself is only a relatively new surficial feature. As fas those rocks down there are
concerned, it's just a temporary drift of sand. The rocks themsmiggsart of a giant piece of

the earth's crust, called a tectonic plate, upon which much of Aanand the western North
Atlantic Ocean lie. That plate, which floats on the molten inoee of the planet, has been
drifting from place to place on the surface of the earth foob#liof years, becoming part of one,
then another, land mass (or continent). In other words, a map of the deokda few billion
years ago would look nothing like it does now, and our local bedrock would be unrecogmizable t
us.

Meanwhile, much has been happening to the bedrock and above it. There ha®orheen
volcanic activity, some raising and lowering, folding and bending of to& due to the
incredible forces and stresses caused by those moving tectong pht¢he same time, there
has also been weathering by the forces of wind and water, whichrdsasally worn down the
surface of the bedrock and broken it into grains of sand. That sand reypdé@me part of
other more recent types of rock (sedimentary rocks like sandstothar places. Ice, in the
form of the great mile-thick sheets of the ice ages, hasaalso down our rocks and in its wake
left the remains of other rocks from Maine and northern New Engtatieiform of the 200-500
foot thick pile of sand, silt and stones which is now known as Cape Cod.
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2. Surficial Geology - Glacial Impacts

What we know as Cape Cod is essentially a surficial geologic feature. llesad foverburden™:
sand and gravel, boulders, stones and some clays laid down by massiakagi#on during
what is referred to by geologists as the Wisconsin stage dipber Pleistocene epoch, about
15-25,000 years ago. This overburden of glacial debris, or "drift", makdkeugeologic
features that we can actually see as we look around our town, inchheiriglls, "kettle hole"
ponds and the generally southward-sloping topography.

All of the major surface features of the land we know as Maslepeept our coastal dunes and
sand spits, were created by the action of the 10,000-foot thick ice whiet covered New
England up to 15,000 years ago. This ice sheet acted as a formtofapaeyor belt, bringing
from the north particles of clay, silt, sand, gravel, boulders and axgs Iblocks of bedrock torn
from their place of origin by the crushing power of the glacier.

The conveyor belt, of course, is only an analogy. In reality the moveohe¢he ice might be
better understood as if the ice caps were a giant pile ofcgofteam placed at the north pole. As
climatic changes involving the whole planet caused more and maebcgd up over the poles
(more ice cream to be added to the pile) the weight of thd tbe @enter caused the edges to be
pushed out further and further. That weight of ice was so tremendous that the sutiaczaatht
itself bent beneath it and is, to this day, still springing baatugtidy to its original elevation. As
the outer portion of glacier moved, it crushed and scraped and gougedtah@ynountains and
valleys and ancient soils of northern New England and bits and piebtsred, New Hampshire
and Massachusetts became imbedded in its ice and moved to what is now Cape Cod.

The edge of the glacier did not move everywhere at the same @pieed straight line. Due to
basins in the underlying bedrock encountered by parts of the glaciernsovee more quickly
than others and formed rounded "lobes" which overlapped each other where miovwese
slower. Cape Cod's basic shape was created by the location cdubrel®bes, referred to as the
Buzzards Bay, Cape Cod Bay and South Channel Lobes (see Map 4-2ha'$fdimeyard and
Nantucket also owe their existence to these three lobes an#ueytheir farthest advance to the
south in the face of warmer air masses.

As our theoretical pile of ice cream would melt first at guges, so too did the Wisconsin
glacier. Fluctuations in the world's climate caused it to batk and advance again a number of
times as the rate of melting and evaporation became more, or pgdshem could be equaled by
new ice spreading south. As the ice melted, the bits and piesaadfind stone were released
to settle out on the spot or flow with meltwaters toward the $éa. larger boulders and chunks
of bedrock generally settled out quickly at the edge of the majtawjer. As a result, where the
edge of the glacier was at the same location over hundreds efdwang periods of climatic
stability, large piles of rock were left, creating ridgeech"moraines”. Martha's Vineyard and
Nantucket are the remains of such a moraine at the farthest southward edge cfdhe gla

After retreating rapidly during a period of warmer climatdinal stable period left the edge of
the glacier over Cape Cod, resulting in the creation of moraines kasvine Buzzards Bay
Moraine (along the west side of Falmouth and Bourne), the Sandwichnddeitending from

the Cape Cod Canal to Orleans and now marked by the Mid-Cape Highway) and the Elizabeth
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Islands. It is estimated that the ice began to melt backrapiglly from these moraines about
15,500 years ago, with the edge of the glacier retreating to aruthtof Boston within 1,000

years. The final retreat began in the west with the Buz&agdobe, followed by the other two
in sequence. As a result, the glacial deposits in the westeranpoftthe Cape are older than
those to the east.

Another type of deposit of boulders and larger stones, along with sandaaed] gxists in South

Mashpee in the New Seabury and Popponesset Beach area. #dsacdbme" and consists of
hills of debris that originally filled holes in the irregular fawe of the unevenly melting ice
sheet. At such points, debris from rapidly melting upper levelsggtdaer often covered slower
melting lower portions, leaving a very uneven land surface as the lower ice medted aw

The reverse of that process resulted in the creation of hundreddttd Hates" in Mashpee and

throughout the Cape. Where a large block of ice melted less gaiuttlipecame separated from
the main glacial lobe, it was quickly surrounded and sometimes burisdras and gravels

being washed down by meltwaters from the retreating wall ofsiee figure 4A). In Mashpee,

such kettle holes are scattered throughout the "Mashpee Pitted SAuRl&n” and are the

primary reason for the existence of all of our ponds and most cedarps and other isolated
freshwater wetlands. Such ponds exist where the elevation of groundweézds that of the

bottom of a kettle hole.

The vast majority of Mashpee is covered by gravelly sand and peabloiebble-sized gravel
typical of the outwash plain. It is so named because it fornetatively level (except for the
kettle holes) and gently southward sloping plain created when waténg down from the edge
of the glacier (as it paused at the Sandwich Moraine) carritd itvthe smaller pieces and
particles of rock from the north that had been imbedded in the gleeial The fact that the
margin of the ice sheet remained at the moraine for a signifijgeriod of time indicates that
melting and evaporation roughly equaled the enormous amount of ice thausfaeg south

from Canada, meaning that vast quantities of water rushed southhieamotaine carrying their
load of sediments.

Since the debris over which it flowed was not a perfectly eveamjrbecause sediment loads
were high and because water volume varied with the rate of mehimgvaters from the glacier
did not flow evenly over the plain nor were their sediments depositedyevis with meltwater
from today's smaller mountain glaciers and with many rivers iaad deltas in level terrain, the
glacial meltwater flowed in numerous wandering streams makirg laided pattern over the
landscape. As with most streams, sediments settled out atsttie of bends and were scoured
at the outside due to the differential in speed of the water flowing on either side.

(The ability of a stream to carry sediments is largebted to the volume and speed of the water
flow. Since there is a certain amount of friction and cohesion between wateulas)e&a mass of
water will attempt to flow down a slope together. At a bend, thecntds at the inside can be
imagined to slow down to wait for the others while those at thedeutsbve faster to catch up.
So where the water slows down, it loses its ability to caedynsents and drops them and vice
versa. This is also why, when canoeing the Mashpee River, one wilalyifind a deeper
channel and quicker water at the outside of a bend.)
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The variation in the rate of melting led to a similar variatiothe volume and speed of flow of
the outwash streams and their ability to carry various sizes of stones andrgsdi(ithe larger a
stream is, the faster it tends to flow, given the same slopausea proportionally smaller
amount of its water molecules come in contact with the sides atwrbot its channel, resulting
in less loss of speed to friction and turbulence.) The combinatioh aff thlese factors caused
meltwater streams to snake all over the outwash plain, with clsaoeeding outward and whole
streams moving their course as sediments and stones were droppethefbld channels. At
the same time these factors left pockets of different-sizeérals in different places in a very
complicated system of layer upon layer of outwash materials throughouatheTie finest clay
and silt was largely washed from the Cape entirely and novwofiethe ocean floor. Most of
what is left behind on the plain consists of varying sizes of sand and gravel.

As a result, the outwash plain is generally very easily develbpéd for earthmoving and
construction at the surface and for drilling of water supply welésvever, the size of the sand
and gravel particles and the arrangement of layers of varioes siaterials have a great effect
on the rate at which water will be produced by a well or at which groatedwvill move towards
the sea. Finer materials such as silt or clay contain emsghces between particles in which
water can be stored. Larger materials such as gravel cdmtgém spaces and thus much larger
guantities of water between them. Water will also flow muohenguickly through those larger
spaces to a well.

These variations had a clear effect on the Town's test weltgmnogp establish public water
supply wells in the mid-1980s. In one case, a test well was djilstdhorth of Santuit Pond
which found very fine and tightly packed materials and thus verg |gtbmise for a large
volume of groundwater. However, a second well drilled only 200 feet nietttegl much larger

particle sizes and a potential yield of over one million gallonsaiér per day. Specific testing
must be done at any site which is proposed for public water supplyallNites are as suitable
as others. Once a good producing site has been found it should be valuecmigphptected

from development or contamination.

The size of the patrticles left behind by streams has shown oneimihertant effect on the
developability of land in Mashpee along a seemingly unimportant and afpadey stream

valley called Quaker (or Quaker's) Run. Unlike the Mashpee, Quashargt)it and Childs

Rivers, which have an obvious stream channel, a source in one of our ponddirmedtsealong

their channels which are very similar to the rest of the outywksh, Quaker Run is visible only
as a series of cranberry bog ditches until it is within onlgva fundred yards of its end in
Shoestring Bay. It has no apparent source and has a channel whicks aafnsiaterials which

are quite different than those of the surrounding plain. Its channalade up of mostly
undifferentiated sands and gravels, with some silt and clay.

Quaker Run is, in effect, a buried river valley which extends froak&by Pond, along South
Sandwich and Noisy Hole Roads, through a series of active and abandamaetrgrédogs to
Shoestring Bay. (It is likely that it was created by matess from a large block of ice which left
behind the kettle hole now known as Wakeby Pond.) Although it is visildesadace channel
only at its southern end, its existence became painfully cldaort@owners, road builders and
developers in a new subdivision along its course who were flooded byghitsvaiers during an
abnormally wet spring. A geologic feature such as this underground river should be cdresidere
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critical element both in locating and designing development and in migfivinat areas are best
left aside as open space.

There are a number of other old stream valleys in Mashpee wihictoardry or seem much too
large to have been created by rainwater falling on our porous 84ésy were created after the
outwash plain was formed but before all the buried ice blocks haddmeMiethat time the still
very cold climate kept the upper part of the ground frozen, as with'soeydras in northern
Canada and Alaska. Rainwater and meltwater, as well as thieghef the soil itself, beginning
at the lower end of these valleys, eroded this frozen surface muighreadily than it can in
today's unfrozen porous soils, and since water was not as readilpexbgdo the ground, there
was, of course, a larger volume available to flow in streams aunsecerosion. One clear
example of such a valley is known as Gould’s Spring and roughly divicdepart of the
Mashpee River Woodlands conservation area which lies east of the Mashpee River.

The glaciers had one last impact on Mashpee's land surface yasnétied away. The
combination of cold ice and warmer atmosphere produced a great ed@atiofBefore any plant
life had returned, the outwash sediments were very susceptible to exteosiga by both water
and wind. While rains and the last of the glacial meltwat@nged stream valleys like that of the
Mashpee River and Gould's Spring, the winds picked up finer sedimentlgsgind then
deposited them in what is called an "aeolian mantle" over theecas@diments of the outwash
plain. Where this mantle is fairly deep, we now have our best agricultural soils.

3. Surficial Geology - Non-Glacial Factors

Although the vast majority of Mashpee's land area and topography reated by glacial
processes, non-glacial (or post-glacial) factors are resporfsible few significant features,
primarily along the coast and inland waterways.

After the glaciers retreated and the numerous ice blocks that Me# behind melted, the
resulting kettle holes began to change in character. Steep slgaestbecollapse around their
edges to form a more-gentle grade. Plants and trees repopukatethdscape and their falling
leaves and other detritus began to cover the glacial sedimentstd@dingo the bottoms of kettle
holes. At that time, it is likely that all of the kettle hglegcept those still containing recently
melted ice, were dry. All of the present Cape Cod was, invatk,inland from the sea, which
had dropped 400 feet during the ice age due to the large volume ofbeatet up in the ice
caps. As the ice gradually melted, sea level rose until, 85Q@ years ago, it reached a level
similar to today's.

That rise in sea level had two effects on Mashpee and the Caqe fi®@sh water is lighter than
salt water, it floats above it when the two meet. As thdéesehrose, fresh water which reached
the ground as precipitation and percolated down into the porous outwash sedoneetome
"groundwater” eventually met the salt water which had also ehtbee permeable sediments
along the edges of the rising sea. The fresh water floated abodt thatsr in a slightly curved
"lense”, thickest at the center of the Cape (North side of Mashpéethinnest along the edges
(South Mashpee). As the sea rose, so did the lens of fresh whteh, soon became high
enough so that its upper surface was higher than that of the bottonapfkettle holes. The
results were our typical kettle hole ponds (all of Mashpee's Wwaser ponds are in kettle holes).
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Where the groundwater level is at or near the same elevatiba bettom of a kettle, an isolated
wetland results rather than a pond.

The second major impact of the rising sea was the inundation oalcaesas, including kettle
holes and river valleys that had been created during the ice agelasajuent melting, and the
action of sea waves and storms on the new coastline. Seadevebntinues at a relatively slow
rate (now accelerating due to global warming) but it is theradf wind and waves that has a
more immediate and visible impact on our shores. When the sedassdcits current levels
6,000 years ago, Mashpee's coastline extended far south (up to twoomile<urrent location.
Continuing gradual sea level rises combined with wave action, particduring storms, have
eroded away that ancient coast and created such features of ouajends the 40 foot high sea
cliffs at Succonesset Point and along Nantucket Sound, where thecaotisties to be eroded,
and sand spits such as Popponesset Spit and Dead Neck (South CapeS8edah)rocesses
are underway at a smaller scale within Popponesset and Waquoit Bays.

Other factors have played a smaller role in modifying the lapéskit by the glaciers. Our
rivers carry both sediment and detritus (dead leaves and other organic mathicissettles out
in slow-moving waters as was previously described. Over the, yisarsleposition of these
materials creates a flat valley bottom composed largelygafnic materials and fine particles of
sediment. Where these are dryer, excellent soils result. Wheretoltisergroundwater surface,
wet meadows, wooded swamps and other wetlands result. In the egslyofddashpee,
extensive cedar swamps existed along some of our rivers, mostynakaiy) the Quashnet.
Cedar is highly weather resistant, so those swamps were heavifpr shakes, shingles and
fence posts. During the late 1800's, many of the wet meadows andseedaps were cleared,
drained and diked to become cranberry bogs. It is said that the Quashnet Reydbedime the
world's longest cranberry bog. Numerous other bogs were operatedlaolzshpee, Childs
and Santuit Rivers.

Isolated kettle hole wetlands and small ponds also became filledhw/gears with leaf litter

and other organic materials. These have become marshes, meadawgs @md bogs. In some
cases, organic materials have built up to such a depth that thetaldeeis no longer close
enough to the surface to sustain a wetland environment. A number ofigblesed wetlands

were also converted to cranberry production using ditches and various pumgzhgnisms to

supply water from adjacent ponds and streams.

The existence of these kettle hole ponds and wetlands, filled-iekettld coastal features give
Mashpee and adjacent areas of the outwash plain a unique charaaeviamuiment. They are
the primary habitat for many of our unique and endangered plant and @petés. Unfor-
tunately, the ponds and coast are our most attractive features bottecfeation and
development. They are, as a result, fairly heavily developed, higtdpaicd most in need of
protection through regulation and conservation land purchases. Along with the Tows'amer
the large blocks of undeveloped woodlands included in the Mashpee NatiodafeRlefuge,
they largely define the location of planned open space corridors andn@iitse areas.
Understanding their history, characteristics and natural resoumtee Vs critical to an
understanding of our open space needs.
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