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Figure 1. General location of Cape Cod Bay.
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It is the purpose of this investigation to apply to
the straightened, secondary coastal forms of Cape Cod Bay,
two hypotheses concerning the erientation of shorelines:
the minimom drift hypothesis, and the deminant breaker
hypothesis, thereby establishing a2 basis for the comparison
of their relative merits.

Physiography and Geological Histery

Cape Cod Bay ig a bagin-ghaped depression which forms
the scuthern end of an elongate, roughly rectangular trough,
the central and northern portions of which are occupied by
Massachusetts Bay (Figure 2). The bay deepensd gradually
from its southern shore and smeﬁhat more rapidly from its
easteﬁi and western shores. It reaches a meximum depth of
two hundred feet at its extreme northern boundary.

- Shaler (1897) suggested that Cape Cod Bay was éx
pre-glacial drainage basin, formed by rivers flowing north-
ward and eastward from higher levels. Recent seismic
surveys by Hoskins and Knmott (l%d) reinforce this concept.
Their contour chart of Paleozoic crystalline rock, which
outcerops at the boundary of the study area at Brant Rock,
indicates an eroded open-ended basim underlying later
sediments and deepening toward the northeast.

Hoskins and Knott interpret the oldest sediments
lying over the bedrock as being semi-consolidated Cretaceous
deposits which have been largely removed except for local
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direction, mld pmdnee the same mt amount of dr:.ft as
do all the various waves Wluch reach the shore.” HNote -
that the direction of approach of Ilewis'® prevalen: waves
caorresponds to Schou's irection-resultant of gj._gg_ work,
if the latter eemctlj .prédi‘.ets natural conditions. Cone
side?ring the prevalent waves, Lewi-a states that they
greatly enhance the stabi.lity of a form if their direction
coincides with the direction of the dominant breakers. He
also aseribes to them the ability to lengthenv spits ori-
giizally formed by the d@inant breaskers. However, lewis
largely excludes longshere current action reéulting from
the i:revalent waves from congideration as é cause of shore-
line evolution becanse such currents do not possess a
momentum along shore which would enable them to continue
their course undnﬂected pé.,st 2 bend in the shoreline. .

Jennings (1955) has accepted lewis' thesis and states
that shingle and 'sa;nel beaches ténd to be built, and cliffed
coasts tend to be cut, to face the direction of appmach
of the biggest waves breakizsg on the shere He has applud
these primiples te eeastlims in Auseralia and neighboring
islands, and has cmﬁully described their applicatian to
the forms of -smetrieal and asmtﬁeal bays. He points
out that tha symmetrical form is often found in deep-set
bays with’stﬁnglypmjéeﬁng neadlands. With such bays the
biggest breskers for cach section of the shore are from waves
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Figure 5. Wave rose for station off Nauset Beach, Cape Cod,
showing percent of time waves of different height
occur from each direction. (After Saville, 1954),.






















V. COASTAL ORIENTATIONS OF CAPE COD BAY

The smoothed coastal forms of Cape Cod Bay fall
naturally into two geographical groups: (1) those of the
western shore extending f£rom Brant Rock to Barnstable
Harbor, all of which face a direction between north and
east, and (2) those of the eastern shore extending from
Barnstable Harbor to Race Point, which face almost all
points of the compass except for those between north and
east.

The southermmost exposure of bedrock on the Massa-
chusetts Bay~Cape Cod Bay coast occurs at Brant Rock
(Figure 6). Here the ghoreline is maintained by a resis~
tant mass of ignaous, Paleozoic rﬁek.which forms the southern
fringe of the Boston structural basin, a faﬁlted depression.
However, south of this point the shoreline is no longer
structurally controlled, and the coastal features are
entirely the result of eroasional and depositional procesees
acting upon uncomsolidated glacial deposits. Therefore, the
study area of this investigation extends south from Brant
Rock and continues east, north, and finally west around the
perimeter of Cape Cod Bay, ending in Provincetown Harbor.
The outer coast of the Provincelands (The Provincetown Spit
or Hook) is not included because its sediment is derived
from the outer (east) coast of Cape Cod with which we are

not concerned. All of the coastline in the study area may
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Sandwich Harbor existed at the time of the first survey by
the U. 8. C. & G. S. of 1859-1861. The second spit, Sandy
Neck, begins at Scorton Neck and extends eastward for almost
five miles, forming Barmstable Harbor on its southern side.

Let us now examine the evidence of shoreline changes
as indlicated by a comparison of coastal surveys undertaken
between 1859 and 1955, Between the Canal and Scorton Neck,
all changes appear to be controlled by protective étmctms.
Accretion has oceurred in the region of the groins at Spring-
hill Beach and on the updrift (weat) side of the jetties at
Sandwich and Scorton Harbors. Elsewhere in the region,
erosion has occurred, particularly on the downdrift (east)
gide of the jetties on the east side of the Cape Cod Canal,
Sandwich Harbor, and Scorton Harbor. Beginmning at Scortoen
Neck and going eastward to the Barnstable Harbor inlet,
we f£find at first, mixed erosion and accretion with an over-
all effect of erosion for about half the distance and then
erosion increasing to a maximum loss of about 200 feet at
the point where Sandy Neck makes an abyupt change of direc-
tion to the southeast, forming Beach Point (Barmstable).
Beach Point (Barnstable) has extended to the southeast
almost 300 feet and has grown seaward, to the northeast,
more than 850 feet. Thus, we sge that from the Canal to |
Scorton Neck, the natural processes of erosion and deposition
have been disturbed and that the downdrift side of engineering
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all appear to lead to the direction of the deepest water
and, secondarily, the greategt fetch, from which the
- dominant waves may be expected to approach.

Wellfleet Harbor to Nobscusset Point. The extensive
flats offshore of Eastham, Orleans and Brewster appear to
be the result of the protection afforded by the Billingsgate
spit. A rising sea level slowly submerged the low=-lying
. land but being so completely protected, there were no waves
capable of removing the submerged material and forming a
vprofile of equilibrium.” The protection still offered by
the shoal is such that it is impossible to apply the hypo-
theses of coastal equilibrium to these sectiona. At low
tide, sand flats are exposed for more than a mile off the
Brewster shore, while in Orleans the exposed low water
terrace is covered with beach grass (Spartina). It seems
reasonable to guess that as Billingsgate Shoal deepens and
wave activity increases, these offshore flats will be re-~
duced, their material being carried offshore and, perhaps,
also onshore extending the coast seaward in the manner of the
growth of the former entrance to East Harbor i(p. 39). .

The form of the Eastham shoreline is difficult to
explain on the basis of the principles we have been con-
gidering. 1If this long, straight coast owes ite form to
wave activity, why does it not face a more southwesterly

direction, down the long axis of the deep water behind
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Billingsgate Shoal? Why, indeed, is it even straight, when
a concave form would seem to be necessary to orient each
section of the shore toward the largest waves reaching it?
Perhaps, due teo the protection of the Billingsgéte gpit and
Billingsgate Shoal, this is not, after all, a secondary
shoreline; perhaps, it does not owe its orientation to
marine forces., The coastal linearity may be a remmant of
some glacially deposited feature, and the form may be a
fortuitous result of original topography plus a rising

sea level.

Nobscusset Point to Bass Hole. The Dennis ghoreline
from Nobscusset Point to Bass Hole is a straightened,
secondary coast which faces scmewhat west of the direction
of maximum fetch and thus would be considered to be out of
equilibriwm according to the domimant breaker hypothesis
(Figure 6). The vectoral resultant, on the other hand,
diverges but little (approximately five degrees) from the
perpendicular to the ghoreline, and suggests that the coast
is in equilibriua. If there were a dominant direction to the
littoral drift, the vector diagram indicates that the direc-
tion would be toward the east.

A comparison of surveys made between 1859-1861 and
1952-1955 shows that the overall result of coastal changes
during this time interval has been a straightening of the
ghoreline and s somewhat discontinuous shift of orientation












56
waves break for the last time before their final surge up
the beach. The foreshore, along which the beach drift
moves, is a depositional form.

The longshore drift is the material which moves
parallel to the shoreline below the low tide levelw-geaward
of the step. It may result from any of the various near-
shore currents but it is chiefly caused by the longshore
wmovement of the excess water brought over the nearshore bar
by breakers. The longshore drift may be likened to the
sediment load transﬁorted by a graded river, the channel in
this case being the treough between the beach and the near-
shore bar. The trough, like the graded river channel, is
a region of non-deposition. The longshore dzift is eventu-~
ally deposited either shoreward on the beach or seaward after
being carried through a break in the nearshore bar by rip
currents. |

Now let us consider the mechanisme of coastal ori-
entation in the light of the above deseribed processes of
beach and longshore drifting. It appears clear that in the
case of short beaches or pocket beaches between headlands,
jetties, or groins, the direction of the littoral drift
determines the beach orientatien by cawsing ercsion at the
updrift end and deposition at the downdrift end. Thus in
such cases the orientation truly tends to be such that the
littoral drift is reduced to a minimum. Along long,
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