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1. PREFACE

This report is submitted at the request of the Exstern Massachuserns National Wikdlife Refuge

Complex for geomanphological research and report preparation In support of a comprehe nskoe
conservation plan for Monomoy Mational Wildlife Refuge. Areas of interest specified inchede a

summary of the present understanding of outer Cape Cod coastal processes; 3 chronclogy of
southeastern Chatham caastal farms using serial phatographs to llustrate changes st
Monomoy; 3 gendral ovendew of dimate change and associated sea bevel rise with respect to
the study area; discussion af the potential benefits and problems associated with dredging
arcund Monomoy; and disoussien of potential future research to benefit Refuge management

2. INTRODUCTION

“Bonomoy” as wsen on fegional maps appears 3 an appendage to the bended arm of Cape
Cod, sxtending seuthward some 15 km. from the Capa's charp albaw at Merris 1sland in
Chatham [eg., Fig- 1). Depending en the map’s date, Monomay may have the farm of a
continesus peninsila —a barrier split conslsting of dunes, marshes and beache s with a bulbous
terrminus al Monomoy Poinl, of it may appear a3 8 series of olated and small barrier slands
and shoals in the north leading southward 1o a larger Eland, “South Manarmaoy luland”.
Henwever, the marine setting is similar at all dates: Manemey ik bordered on the sautheast by a
nartheast-southwest trending channel, "Pollack Rip Channel™; on the southwest by a string on
shoals known collectively as *Handkerchief Shoal® parts of which are sometimes exposed at
extreme low water: and on the west by @ broad shallow triangular pladform, “Monomoy Flats®

{Fig. 1).

3. METHODOLOGY

Cortogrophy. Studies of the Monomoy Barrier Beach System using comparative cartographic
sources began inearnest In 1871 with the work of Henry BMitchell, Mitchell, a promdnenit
seientist and accomplizhed opographer with the Coast Survey, relied on the acourate Tiekd

work and charts of the Coast Survey to detument the movement and growth of the Monomoy
1

Monomoy National Wildlife Refuge



A Geomorphological Analysis of the Monomoy Barrier System

Spit and ity offshore shoals and 1o nvestigate the potential effect of this mowement on
maritime commerce [Mitchall, 1871; Mitchell, 1873; Mitchell, 1874; Mitchedl, 1886; and
Mitchell, 1887). This present study, employing a similar methodology of cheonalogical
cartographic and aerial photograph comparisons, continues work undertaken for the Chatham
Conservation Commission mare than 30 years ago on the Nauset Beach System (Giese, 1978,
Giese &t al, 1984

A majer goal of the present study was 1o dévelop and document a cheanology of the changing
farm of the Manamay barrier beach system., Ta help achieve this goal, methadalogy fram the
bassachusetts Office of Coastal Zome Management [C28) Historical Shoreline Mapping Project
{Mapping Project) was adapted to meet the specific requivemants of the cumrent work, The
Mapping Project, completed in 2007, evaluated historical carographic documents Trom the 175
cemtury through the present to establish presumptive lines of state tidelands jurisdiction for the
entire coast of Massachusetls (Mague & Foster, 2008) and the methodalogy used to assess and
appdy historical cartographic documents in a contemporary mapping conbext ks well-
documented (BSC, H007)

The methodolagy of this current study i based an a siz-step approach: (1) research afl
cartographic and archival information depicting onshore and offshore historical configurations
of the Monomoy barrier beach system; (2] qualitative assessment of historical information,
including maps_ charts, plans and narratives, ba dentify documents Tor further consideration;
{3) registration of cariographic infarmation te the Morth Amaerican Datum of 1583 (NADEZ); (4]
anahysis and assessment of registered maps and charts with verifiable spatial atcuracies; |5)
digitization of topographic and bathymetric barrier beach featwres representing the location of
salt marsh, mean high water (MHW] lines, mean low water (MUW) lines, and 1-, 2-, and 3-
fathom lines fior the following time frames: 1853-54, 187374, 1886-85, 1902, 1531, 157%, and
1996; and |6) compilation of figures depicting the lacation of these barrier beach featares for
each peried to facilitate a comparative analysis.

1]
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As a recognived authority for the location of historical coastal featurnes (Shalowite, 1964), the
wark of the U5 Coast Sunvey and in particular the information recorded on lis topagraphic [T-
sheets) and hydrographic (H-sheets) field sheets form the basls of the chronological series of
figures and cartegraphic comparisons considarad in this stedy.' Period-spacific nautical charts,
where necessary, were wsed to clarfy cartographic symbology on T- and H-sheets and to fill In
gaps in spatial coverage.

The horizontal accuracies of T- and H-sheets are well documented and quantifiable, making
therm well-suited for historscal studies (Mague, 2009). When T-sheets and H-sheels ane
registered using archivied coordinate values for Coast Survey Wriangulation stations [Coast
Survey, 1851; Coast and Geodetic Survey, 1694) or sheet graticules translated 1o the project
datum in accordancs with accepted proceduras (BSC, J007), they have baan chawn to mest ar
eaxceed Matlonal Map Accuracy Standards at thelr respecthve compilation scales [BSC, J07T;
Daniels & Huxford, J001; Crenwall ot al, 1991). Estimates of H-shest sccuracies, with harizantal
and vertical components, ane more difflcutt to quantify, Beferenced to local MUY datums
frequently defined relatieely short series of tidal measurements, H-sheet sounding aoouracies
have: beien estimated to range from 3 to 4+ feet for 1800s to early 1500s surveys, 2 to 3+ feet
fior mid-1900% surveys, and 0.5 to 1.0+ feet for modern surveys (Byrnes, 2003; Johnston, 2003;
and U.5. Coast Survey, 187E]. For shallow depths [+ 15 feet), small tidal ranges, and regular
bitems with minimal reliel, such as much of the anga surmounding Mondmoy, these estimates
would appear to be conservative. Fulure work that incledes refining these uncertainties is
recessany for o detalled assesement of the sediment transpart systems, nearshore and offchare
processes, and the caloulation of sediment budgets and wolumes that contribute to the
formation of the extensive shaals surrcunding Monomey, particularky the triangular ares
extending approximately & miles to the west, characterived by flat relief, a tidal range of 3 +
Feet, and a significant shoal area defined by the 1-, 2, and 3-fathom lines, [Mote: 1 fathom = &
feet).

* The icial suarest of Uk U5, Coutt Sorvey bk evihved aver time, Refarence 1o i CosSE Surnry teoughout thi
FEfNT 5 Eant 10 e dhe LS Coait Seanary S N1 Ut idad Sgentist the LS Coast & Geadetie Sansy bnd
the curnent Cefice of Codra Survey
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Coples of the historical plans of the U5, Coast Surdaey were obtalned from the dightal database
of the Mapping Project, which contains in excess of 2600 historical plans, maps, and charts of
the Massachusetts enast [BSC, 2007). Histarical charts were obtained fram the Historical Map &
Chart Project website of the National Doeanic & Atmospheric Administration (NOAA) Office of
Coast Survey, Contemporary chars of the area were obtained from the NOAA Office of Coast
Survey Mautical Charts webslie, A lst of all historical and contemporary cariographic
infosmation considered for this study is contained in Section 11.

Imformation from histarical and comtemparary maps, charts, sketchas, and orihophotos were
incanporated into a project Geographic Information System [GI5), créated in ArcGlS 9.3 with
MassiGl5, 1:5,000 scale, 2005 orthophotos as the base mag, to develop ligures depicting the
shape and arlentation of Monomoy Spit and s nearshaone bathymetry cat to a depth of theee
fathoms (18 feat), local MUW datum. Historical cartographic manuscripts wers registersd to the
North American Datum of 1983 (NADE3) using the ESRI, ArcGIS 9 3 georeferencing extension,
st fosr A First Order Palmamial (Affine) Transformation. Reghration paints consigted of Coast
Survey triangulation stations or map graticules with & minimum of six points relained for each
registration with the goal of minimizing the oot mean square [rms) of the emor associated with
the regictration or control pointe. To the extent possible, registration paints were digtributed
equally across each manuseript to account for potential unequal distortion of the source
docurmnent.

Firally, similar to the approach of Mitchell, figures depicting the historical positions and spatial
orientation of Monomoy and its offchore shoals were compiled at the same scale 1o Facilitate
fqualitathe camparisans of gramarphic changes over the past 160 years. These figures are
presented in Section 5,

Photography. A review of historic serial photographs was completed at the Cape Cod National
Seashore (OCNS) collection, and the Barnstabde Service Canter of the LS. Department of
Agricubture’s Matural Rescurces Consarvation Service (LISDASNRCS) office, Printed photos that

1
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1-6

wower Manomoy from 1938 and 1960 were lacated al the CCNS. The 1938 set does nol extend
northeaard to the southeastern shone of Chatham. A& set of 1978 acral photos ends In Chatham;
it does not extend southward 1o include Manomoy. A set of 1947 photos alio stopped in
Chatharn for the printed copies of the CONS collection, however, additional photos in this series
are available and could be incorparated in o future anabpes.

Black and white aerial photos available from USDANRCS are 1938, 1951, 1971 and 1980, A set
of ealar infrared phobos ane available for 1984, Orthorectified aerial phatographs wene
available in digital format for 2009 from the Tewn of Chatham. & 2002 srthaphato was
provided by the Town of Chatham, which was scquired by the Mational Fish and Wil life
Service. Additional orthorectified aerlal photos were avallable for 1994, 2000 and 2005 from
the Massachusetts state office of Geographic information Systems (MassGls).

Year | Descriplion Spairee Lescation Comments
1908 T WP i MDCLIURON, | tearnned and madaiead, uted §ar intarpratatian
17 CEX NP5 Al Viewpont | available for purchase, may be useful for utufe wludy
1981 B AW NACE/USDA reviawad, My be Lasful Tor futues tudy
1960 BEW NP5 Highland Lab__| scanned and mosaiced, used for interpretation
901 BAW NRCS/USDA reviewad, may be utshal Tor futurs tudy
1580 BEW NRCHUSDR reviewed, wery small scake probably not useful
1734 CIA MACSAEDA Fevigwed, may be useha Tor fuluee Hludy
1951 B & W papeer Tirwm of Chatham ycarmeed and moaaloed

L Orthophbi MG digital filers useed bt interpeehation
1% | BE W paser Tomn of Chatham | scaneed and motaiced
001 Dthophola Alaralls ﬂﬂﬂmuﬂ'ﬂ?ﬁl‘ﬂﬂﬂﬂﬂﬁ
e Drthophots | P/ Town of Chatham | gital Eles used for interpretation
005 | Ovthophoto |  MassGls - Coastal Tiles used for inte

|~ 000 | Orthaphsts |  Town af Chatham | digital filas uted S intarpratatian

Table 1 Sammary of Aerlal Phetlo Review
Blue fext dencbes serial photos weed in this report. Serial photos in green besd weere soguined but
nek ptikzed for this study. Black bext denotes other phedos that ane avaliable fer (ke shody ares.

The scanned aerial photos for 1938, 1960, 1991 and 1097 were cropped and compiled in Adobe
Fhatashap, bacause there were not anough comman features through time to georeferance
wach photo frarme gven the dynamic nature of Monomay. Dnce the pholos were compiled inla
a montage for each year they were aligned generally in ArcView 8 3 using the georeferencing
toolbar resizing and sdjustrment tools. There were nat enaugh comeman poinbs evenly
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distributed throughouwt the different time serkes to rectify the photos with common tie paints
Hiowewer, the general adjustment did allow for & basic alignment of the photos for comparisan

and scaling purpases

4, REVIEW OF GEOMORPHOLOGICAL HISTORY

The geneits of Monomoy as the southern extremity of a 34 kbm deposition feature beginning at
Coast Guard Beach in Eagtham, the “Nausst-Monomay Barmer System”, has besn treated in
datadl by Goldsmith (1977]. In brief, the systam is a compley of barrier beachas, Barriar spits,
barrier Elands and azsociated tidal inkets consisting of sedinment initially supplicd by the erasion
of glacial deposits exposed aleng the 32 km-long line of east-Tacing clifls and nearshore sea bed

that extends narbward from Eastham 1o Morth Trurno.
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Early Holpcene, As disoussed in Section 5, storcal geomaorphic changes at Monomoy ooour in
slep with those of Mautel Beach, however, before examining these procecdes in detail, let us
review Lhe broader scale develapment of the Cape Cod landmass during the Holocens Pericd =
the approaimately 12,000 year period following the most recent | “Witoonsin™ stage) glaciation.
Al that time, sea level was same 55 m below ils present level and most of the area comprising
present-day Cape Cod Ray, Cape Cod, Nantucket Sound and Mantuckes, and Vineyard Sound

and Martha's Vireyvard was part of the terrestrial borderland of the continental margin {Fig. 2).

Fulagd vl Troen Ukkangs, o1 i 1P

The sarly Holocene was a period of rapid sea level rise, By 6,000 years B P, (bafore present), sea
lewel had risem some 45 m and was approximately 10 m bebow its present bevel. As 3 result of
this submergence, the Cape and Isdands, with thedr bays and sounds, became fully differsntiated
[Fig- 3], howwever, the majer depositional features of cuter Cape Cod, Provindetown Hook,
Mauset Beach and Monomaoy had not et formed.
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Al el Trom Uileags, of ol 1P

Lirte Haldocenie. 'Wave-driven sediment transpart became the major process controlling
charaline svolution durning the past 6,000 years, At the baginning of this period, Georgs' s Bank
- il that tirme & gradually shrinking landmass bebween Cape Cod and the open &tlantic basin
= became fully submerged. As a result, higher energy, open ocean waves - previoushy highly
damped by the time they reached the coast — were capable of transparting increased amounts
of sedimant. Acearding ta Lichupi &t al, [19%96), glacial sadiments araded fram the saa clifis and
rearshore bottom between North Truro and Eastham during this time perkod were responsible
fioor the construction of Provintetown Hook to the narth and the NMautet-Monamay barrier

system and Handkerchief Shoaks to the south

Motably, the rate of shoreline retresl sccompanying these changes increased scuthward.
Beteeen about 6,000 and 1000 years ago, the eroding bluff section retreated at an average
rate of approximately 0.3 myyear at the northern end and 0.6 mfpear in the scuth {Uchugpi et
al, 1996). A recent stisdy (Ghece and Adams, J007) reports that contemporany cenfury-scale
bluff retreat rates continue 10 increase north-to-south by a factar of two, but the contemparary

rates (ranging from 0.5 myyear to 1.0 myfyear) are greater in magnitude, perhaps a response to
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acceberation in the rate of sea level rise. Presently on-going research indicates that the
sauthward increass (n coavtal retreat continees southward, past the end of the bluff section
and along the length of Mauset Beach at least as far south as North Chatham, There, the
cantury-scale average retreat excesds 1.5 mfyear, 3 times the retreat rate of the nosth end of
the bluff section (Vaw, In press). Many local anecdotal reports confirm continual westwarnd
migration of Mauset Beach during the historical period [e.g., Nickerson, 1988).

11wt sumie, based on these rates of coastal retreat, that Mawset Beach lay 1 10 2 km offshone
af its present location a thousand years ago, it seems unlikely that the arigin of Monamoy
predates that time.  Geclegical maps of Cape Cod (6.2, Oldale and Barlow, 1926 indicate "ice
contact” glacial deposits west of the northern section of Nauset Beach, and Udhupi et all (1997}
propase that the arginal eastern boundary of glacial Cape Cod lay just sastwarnd of the present
uplard coasts of Nauset Harbor, Pleasant Bay, and Chatham Harbor, In that case, a long marine
ambaymeant |3y inside Nauset Beach at 1,000 vears BP, extending fram the Eastham upland
southward to the sicindty of Chatham

Presently restricted basing such as Pleasant Bay, Little Pleasant Bay, and Mauset Harbor would
have had free st o the embagment, while the embayment would have had a nelatieedy
unrestricted connectban with the sea, Given this configuration, southward moving littoral

sediment would not have reached the upland coast of south Chatham as it does loday,

Recent higtory. By the time that acourate maps of the coast became available (&g, Des Barres,
17&4), Hauset Beach had migrated far enough westward to sevenely restrict tidal flow In the
marrowing embayment. Even earlier (17™ Century) sketches and notes by Champlain (1607}
[Fig. 4] suggest that Nauset Harbor was already largely tidalby-separated from the Pleasant Bay
system o the south. The restriction of tidal Thow between the Pleasant Bay basing and the open
sed produced by changes in Nauset Beach have produced a quask oyclic pattern of tidal
inlet/barrier iskand Tormation and barrer spit development (e.g., MRchell, 1873%; Goldemith,
1972 Giese, 197E]. In brief, this pattern consists of the following steps: 1) a breach in Mauset

I-10 Monomoy National Wildlife Refuge
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