A Geomorphological Analysis of the Monomoy Barrier System

Beach, ¥} southwest migration of the southern barrier island (i.e, detached south end of
Mauset Baach), 3] Nauset Beach alongation to the sauth, followed by, 4) 8 new breach,

Chasrplain, 1507

FIGURE &

It ks the second step of this pattern that concerns us hers bacause an anabysis of histarical
shoreline changes in the Monomoy region indicates that the detached end of NMauset Beach is
the major sediment source for landfarms in that region. As can be seen in Figure 5, adopted
from a recent report by (Glese et al,, 20009, following initlation of a new nlet referned to as
“North inlet” (Fig. Sb,} the former inlet [“South Inket”) closes (Fig. S¢} enabling littoral trarmsport
of sediment southward from the barrer Iskand (*5outh Beach®™) to Monomaoy,
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FIGURE 5 (@, b, g}

As the result of seuthwarnd aned westward sedirment randport aver the Talbawing decades (Figs.
Bard 7], Monomoy shifis westward, widens, attaches to Morris island, and grows southward,
After about a century, southward-growing Mauset Beach overlaps North Manomay, which is
deprived of incoming sediment, and bagins to break-up into a group of iglets and shoals,
Finally, when Mauset Beach breache s again, and a new “Sauth Beach™ attaches to South
honormoy ldland, a renewed sediment supply is available to nowrich South Monomoy (Fig. fc).
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FIGURE & [a, b, €}
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FIGURE B (&, b, c)

5. TIME SERIES CF MOMCMOY CHANGES

The first two of the following three sub-zections present the results of cartographic and
phatographic research described in Section 3. The figures in U5 Coost Jirvey Magping illustrate
the ganeral shape and position of the dominant landforms within the contest of the
surrgunding shallow water features shown to a depth of 18 feet |3 Fathoms) below mean low
waated. In contrast, the figures in deviol Photogrophy provide details of the changing landfarms
but little hathymetric inBarmation. In the third sub-section, Dicussion, we call attention to the
relationship between the landform changes and those of the surrounding bathymetry, as well
as the distinction between the northem and southern sectians of Monomay.
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FIGURE 14
Nonth Mansmay, Figuees 912 reveal that Manamay i compriced of s very distinet features

“Morth Monomaoy®™ I a trlangular shaped, mostly sub-tidal platform which widens nort howsand
Subaerial landfonms, when and wherne present, typically shift in poution, e and shapse. The
margins of the North Manomay Platfarm - well defined by the 6-foot (1 fathom) contour =

appear remarkabby similar in Figores 9.12 with the exception of Figure 93, the earliest (1853

1=
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1E54) 1t ia likely that the somewhat irregular form of this figure®s depth contours resubs from
less aceurate navigational techniques than thase employed for the later surveys. The stabdlity
of the Morth Monomaoy Flatform s llustrated in Figure 15, which compares the location of the
E-faot contour in 1RET3- 14 with its location in 1596, Bath are supsrimposed an a 2008
phatograph, The only apparent trend s on the western (Nantucket Sound] side, with a small

retreat alang the couthveest-Tacing marging and 2 omall advance alang the north-facing margin.

FIGURE 15
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Also apparent on Figures 9-17 s the mode of sediment transport from the eroding coast ying
reorth of BMonemoy [see Section 4], across Morth Monomoy Platform, to South Monomoy, A
comparison of Figure 9 and Figure § illustraves the development of & second, more northerky
tidal inkst in Morth Chatham that resulted in (1) closure of the nlet shown in Figure 93, and (2}
southward extension of the barrier spit 1o its north, leading 10 its welding anto South Monomoy
(Figure Sh). Westward migration of the harrier across the platform s apparent in Figures 108
and b, leading to lts eventual attachment to Morrls sland [Figure 11a). At this stage, Monomay
was an unhroken peninsula connecting Monamay Palrt te glacial upland in sauth Chatham,

Thiz lasted gnly until southward extending Nauset Beach (Figures 6 and T) reached the vicnity
of Marris lsland (Figure 115} inhibfing wave-drbven sediment transpart alang the Marris
IshandMaorth Monomoy coast, Deprived of a sediment supply, the peninsula broke down, Tirst
through a breach just south of Marris sland (1950°5), then through a second breach (1978)
(Figure 11k} separating Morth Menamay frem Seuth Manamaoy — sach becoming 3 separate
islard. Tidal flow through the 1978 inlet produced a flood-tidal shoal near the western mangin
of the platfarm, which under the influence of the prevailing southwesterly wind waves, gave
rise to the Ishet bnown as “BMinlmaoy™.

Souath Monomay, “South Monomoy™ Is primarily a well-established and growing subaerial
landform, consisting of dune, heathland, pond and marsh emvironments. it s a rare example of

an actively accreting coastal landferm akeng the exposed cuter shore af Cape Cad, a distinetion
it shares onby with the region near Rage Point at the epposite extremity of the outer sharg,
Century-scale increase inarea of the feature can be seen in the eastward and seutheard
prowth of the G-foot [1 fathom) contowr in Figure 15, and the southwand extension of
Monarmay Point since the mid-19"™ Cenlury is clearly evident in Figunes 912, Twentieth century
change is shewmn in Figure 16 documenting a pattern of mecessive beach ridge develapment,

L¥
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FIGURE 16

Change in location of the southerm-most extremity of Monomoy Paint is shown by the red

vectors in Figure 17, The blue vectors in Figure 17 llustrate the change in location of the
southern-most extremity of Handkerchiel Shoal over the same time period. Evidently the
evalutian of South Manamay & interdependent with that of Pallack Rig Channel and
Handkerchief Shoal, which forms the channel's westem boundany south of Butler Hole. Figure
18 sheovws historical lecations of Monomay Paint for the years 1853, 1931, 1967, 1952 1979, and
1996, as defined by former ridge Bnes vishhle on the 305 orthophato
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FIGLIRE 18

It & interesting 1o note in Figures 9-12 thal Monomay Point appears 1o have grown southeard
directly onto an adjacent portion of Handkerchief Shoal, and that at present, far the first time, =
it directly abuts on the mangin of Butler Holé, Héwever, the figures also indicate that
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Hardkerchiel Shoal has developed considerably ower the same time period. Together these
chsarvations suggest that fufure growth of Monromay Paint may follow a mone seuthwesterhy
trajectory.

Figurnes 9 -12 alse Mustrate that some of the Nauset Beach-derived sediment that nourishes the
growth of the castern and southern South Monomaoy contimues arsund the paint and Earms the
ezt hvwvand- trend ing. spdts that characterfoe the western shore of South Monomoy, The manner
in which such pits develop into recurved spits that can eventually enclose ponds has been
described by Zeigler, et al. [1965], who refer to Mitchell's (1B86) account of the development
of Powder Hole on South Monomoy:

I iy boyhosod the Powder Hobe was considened to be o very valusble hasbor of refuge,
kst wham | rsn inds i .. in 1856, farty fisking veoosl __ paickad it mearly full. Threa
Fathams 8t low water could be carried into this snug litthe place when sur chart of 1854
was iswrd, bul Mr, Chapin Feund bul two Feet ot the lime of his recent visil,

Wind waves from the sauthwest dominate sediment transpoart along the western coast of
South Monomoy because of the extensher distance of fetch across Nantucket Sound. \Winter
prevalling narthwesterly winds, in contrast, have 8 very limited fetch and, a5 a resul, net
sediment transport |5 disected to northward.

. CLIMATE, SEA LEVEL AND 21" CENTURY BMONOMOY

Srmall islands are particularly vulnerable 1o e level rise (IPCC, 2007). However, this report
shaws that at the current rate of sea level rise, sediment supply from Nausel Beach to

honomoy is nat only capable of maintaining the barrier complex, but of cupporting ongoing
aceretion along the southerm partion of Seuth Manomoy lsland.

Recent changes in global, or eustatic, sea bevel rise are largely driven by bwo phenomena: the
thermal expansion of seawater as a result of Increasing sea surface temperatures and the
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melting of glacial ice (Williams and Gutserrer, 2009). The most recent report of the
Imtergevernmental Pamel an Climate Change (IPCC) predicted futurs rises in sea level af 0,18 -
0.5% rm by the year 2100 (Fig. 15; IPCE, J00F]. Howeewer, some more recent studbes include
higher confributians from melting ice and suggest 3 global sea level rise by 2100 24 1 m ar mare
[Rabhmstorf, H00F; Rahmstord, of al, 2007; Vermeer and Rahmstord, 2003)

Ebal wevrige 00 vt tiie 1550 - THEQ)

FIGURE 1%

“Rebative™ sea level indhud s the augmentation of difinution by lacal phensnwna on global sea
lewel. Same of these phenomena indude subsidence, post-glacial rebound | tectonic processes.
and cceandgraphic currents, For instance, in much of Standinavia relative sea bevel is falling

due 1o the rapid uplift of the land resulting from deglaciation since the Late Pleistoce ne.

Along the eastern seaboand of the U5 researchers have identified a sea level rough
maintaimed by the Guif Stream and the Marth Atlants Current that has kept the sea level
anomaloushy low [Gregony, J05; Meehl et al, J007), 5ea lewel in this area is 0.6 m keser than
the glebal average and it has been shewn that chimate change will weaken those currents
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