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ABSTRACT 

Over the last century, ~60% of the saltmarsh wetlands in Jamaica Bay (in the Gateway National 

Recreation Area of the Greater New York City region) have been converted to intertidal or 

subtidal unvegetated mudflats and projections suggest that all of Jamaica Bay’s saltmarsh 

wetlands may disappear within the next two decades. After landfall of Hurricane Sandy in 2012 

and to better understand environmental controls on the maintenance of the remaining Jamaica 

Bay wetlands, cores were collected from twelve saltmarsh locations in the bay to study the 

chronology of wetland vertical accretion and mineral sediment accumulation. In association with 

the United States Geological Survey Wetland and Aquatic Research Center (formerly National 

Wetlands Research Center), cores were analyzed for 137Cs /210Pb geochronology, percent mineral 

content, and total water content. Results show that averaged sediment accumulation rates for the 

wetlands are 0.48 cm-yr-1. Analysis of sediment core mineral content indicates the uneven 

presence of a mineral-rich surface layer that is likely the result of sediment delivery from 

Hurricane Sandy. Results also document the presence of numerous subsurface layers of mineral-

rich sediment interbedded between zones of organic-rich sediment. Based on various 

radionuclide chronologies, the estimated time of deposition, mineral-rich layers correspond to 

the known landfalls of major hurricanes near Jamaica Bay over the last nine decades. 

Collectively, these results suggest that sediments are delivered unevenly by landfalling 

hurricanes to coastal wetlands and that other phenomena that flood coastal wetlands with 

suspended sediments, such as extra-tropical storms, are important sediment sources as well.   
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INTRODUCTION 

Coastal wetlands provide ecosystem services like flood protection, erosion control, water 

quality, and habitat for threatened and endangered species, but the land area within these 

wetlands is being reduced by subsidence and erosion of natural and anthropogenic causes 

(Pendleton, 2008). Many of these wetlands, such as ones found in southern Louisiana, have had 

significant land loss from the combined effects of subsidence (from underground fluid 

withdrawal and natural compaction), sea level rise, and lack of onland sediment distribution from 

levee construction (Blum and Roberts, 2009; Bentley et al., 2015). Recently with research 

looking at potential increases in hurricane frequency and intensity not only along the Gulf coast, 

but worldwide (Webster et al., 2005; Knutson et al., 2010; Holland et al., 2012) studies are 

beginning to quantify the impact these processes are having on our coasts (Smith et al., 2015). 

Hurricane Sandy brought this conversation to the New York region. Federal agencies such as the 

United States Army Corps of Engineers, National Park Service, the United States Geological 

Survey and state agencies such as the New York City Department of Parks & Recreation are now 

paying particular interest in Jamaica Bay with respect to its role as an important storm buffer 

(Wang et al., 2017). 

Vertical mineral sediment accretion is important for the longevity of salt marshes (Turner 

et al., 2002). For long-term stability of tidal wetlands in an intertidal zone, the accumulation of 

mineral and organic matter must be in equilibrium or above sea level rising rates (Reed, 1990). 

Rate of increase of salt marsh platform elevation is limited by plant production, sediment supply, 

and subsurface processes (Chmura and Hung, 2004). The rate of wetland elevation change is 

representative of local accretion rates and erosion. In particular, discontinuous sediment 

deposition plays a necessary role in allowing many wetlands to stay above sea level. (Morris, 
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2016). Any changes to these controls can reduce vertical marsh accretion rates via a decrease in 

rate of deposition organic matter input, thus increasing rates of decomposition of inorganic 

sediment autocompaction (Reed, 1990). 

Hurricane Sandy made its first United States landfall on Atlantic City, New Jersey on 

October 29, 2012, and carried Category 1 wind speeds into the New York City area that same 

day causing upwards of $19 billion in damages and an estimated $33 billion in restoration costs 

(Resilience, 2013). In Jamaica Bay, localized flooding proved to be an issue with flood levels 

reaching 5.4 meters during storm surge with the Federal Emergency Management Agency 

announcing the event as a “500-year coastal flood” (Orton et al., 2015).  

    New York is susceptible to flooding from nor’easters as well as hurricanes. Generated from 

the rapid deepening of an extratropical cyclonic low pressure area, nor’easters are storms that 

attack the New England area of the US in the winter. Initially a part of an extra-tropical storm 

traveling in the mid latitudes of the Atlantic Ocean, a nor’easter then breaks off usually due to 

bombogenesis (Hanafin et al., 2012). Nor’easters travel along the east coast causing coastal 

erosion and damage via winter precipitation and large wave action (Boustead, 2015). These 

systems attack the coast much more frequently than hurricanes, but generally have storm surges 

of a lesser magnitude (Karvetski et al., 2009; Siverd, 2013).  One example is a 1992 storm 

reaching storm surge levels of 1.37 meters above predicted sea level at The Battery in New York, 

compared to Hurricane Sandy reaching 3.54 m above normal levels at the same location (Tanski, 

2007).  

Relative to the nor’easter in terms of structure, extratropical cyclones are low-pressure 

systems that have undergone extratropical transition driven by strong temperature gradients that 

exist in the atmosphere (Wang et al., 2013). In contrast, tropical cyclones, have little to no 
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temperature difference across the storm and are driven by a warm convection from the sea 

surface within the system (Jones et al., 2003). Structurally, the warm core in a tropical system is 

strongest near the earth’s surface, while the extra tropical storm’s “cold core” is in the 

troposphere. The transformation from a tropical to extra-tropical storm occurs most often when 

the cyclone’s path will recurve to the northeast towards the United States; losing its strong core 

and circulation to a much more frontal featured system (Knutson et al., 2010). 

    Hurricanes are tropical cyclones developed in the Pacific or the Atlantic Ocean that 

reach wind speeds of 119 km/h. Beginning as a tropical disturbance, the system can grow, 

become more organized where it can be labeled as a tropical depression with sustained winds of 

62 km/h. Between 63 to 118 km/h, it is considered a tropical storm where after it reaches its 

status as a hurricane, it is then ranked on the Saffir-Simpson wind scale ranging from a category 

1 (119 km/h) to a category 5 (>252 km/h) (Irish, 2008). Since 1842, 9 hurricanes have crossed 

over Long Island (Siverd, 2013) with some notable storms including, The Great New England 

Hurricane of 1938 (strongest storm to make landfall in New York history), Hurricane Carol in 

1954, Connie and Diane in 1955, and Sandy in 2012 (Irish et al., 2008). 

With regards to the physical dimensions of Jamaica Bay, the approximate area of the bay 

itself being 55.3 km2 and a parameter of 40.1 km (Figure 2). The peninsula that partially encloses 

the bay has a length of 16 km (Siverd, 2013). Jamaica Bay is located in New York City, New 

York in the southwestern section of Long Island within New York City city limits (Figure 1a).  

Apart from natural influences, Jamaica Bay faces anthropogenic factors in its land loss. Over the 

past four decades, a significant amount of land has been lost due to navigational and construction 

dredging, pollution, and landfilling when Jamaica Bay was treated primarily as one large landfill 

for a growing city in the early 1900’s (Waldman, 2008). These processes induced erosion across 
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the New York wetland. (Brash et al., 2011) Beginning in 1910, the main channel in Jamaica Bay 

was dredged from 5.5 m to 9.1 m (Swanson, 1992). These larger channels give more room for 

tidal influence and amplitude which is likely a factor in the wetland’s erosion. The New York 

City Department of Environmental Protection has documented these issues with plans already in 

motion to restore the wetland platforms to its pre-1974 topography (Figure 1) (NYC-DEP, 2008). 

 
Figure 1.  a) (Top) Jamaica Bay and surrounding locations (Siverd, 2013); b) (Bottom) Jamaica 

Bay marsh loss from 1951 to 2003 (NPS, 2007).   

 

(fig. cont’d.) 
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 Dredging has played an important role in the continuation of providing open channels for 

ship navigation and landfill space in the bay itself. Dredging a marsh for the sediment to be used 

elsewhere without infilling what was taken can lead to increased erosion, change in 

sedimentation rate, sediment transport (Swanson & Wilson, 2008), reduced intertidal 

communities, and loss of bird breeding grounds (Siverd, 2013). This history of dredging in 

Jamaica Bay begins in 1904 with a 1.8 m deep by 15 m wide dredge in Canarsie Landing with all 

total major dredging activities resulting in over 9.6 km2 of dredged earth at Jamaica Bay over the 

104 years documented (Swanson & Wilson, 2008). 

 This study will focus on the role of vertical sediment accretion over the past century as a 

key control on the survival and decline of the Jamaica Bay saltmarsh, in the context of the 

influences described above. The aim is to evaluate relative contributions of mineral sediment 
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supply from documented hurricanes, nor’easters, and other mechanisms that produce flooding of 

the intertidal wetland platform (i.e. tides and waves). With this information, a sediment budget 

will then be constructed to identify what role these events play in the building or deterioration of 

this coastal salt marsh. 

 Salt Marsh Morphology, Sedimentation, and Processes 

Salt marshes are vegetated intertidal flats that form in quiescent environments where the 

deceleration of sediment-laden waters is common. (Bloom and Stuvier, 1963; Redfield 1967, 

1972; Allen et al., 1990). From this, sediment accumulates in sheltered waters like protected 

bays, estuaries, or other low-energy environments, resulting in tidal flats (Kearney and Turner, 

2016).  

Northeastern United States coastal salt marshes emerged after the post-glacial sea level 

rise decelerated between 4000 and 7000 years ago (Enos, 2015). Since then, many estuarine salt 

marshes have developed along the eastern North American coast, and have been observed as 

being highly productive (Hartig et al., 2002). However, in the last century, these wetlands have 

been eroding away with a decreasing rate of marsh production to support the wetlands with 

(Carey et al., 2017). This process can partially be attributed to natural variations in sea level rise 

within the last several thousand years, but the rate at which many coastal wetlands are 

deteriorating suggest larger and multiple factors are at play (Gornitz et al., 1995, 2001). 

    Relative sea level change is the sum of global eustatic sea level rise and subsidence 

(Vail et al., 1977; Kendall and Schlager, 1981; Antonioli et al., 2017). Coastal marshes and their 

relative elevation develop as equilibrium features, balanced between relative sea-level change 

and sediment supply (or erosion) (Roman et al., 1997). Marshes can grow vertically during a rise 

of relative sea level if sufficient organic and mineral deposition occurs (Morris et al., 2002). 
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Flooding to an appropriate level and frequency (also referred to as the hydroperiod) of the marsh 

stimulates root and leaf growth. This growth can also help trap mineral sediments, increasing 

elevation further and creating a more resilient wetland (French, 2006). In absence of deposition, 

the tidal flat becomes inundated to the point that plants will die, and the binding effects of plant 

roots diminish (Mudd et al., 2011). This may allow the mudflat to deteriorate and convert to 

open water (Allen et al., 1990).  

Salt marsh inorganic sediment deposition can be documented stratigraphically (Cahoon 

et al., 2000) and can be seen within the soil record as horizontal laminations with interlaced 

sand/mud bedding (Letzch et al., 1980), unless bioturbated, in which case the bedding can be 

destroyed (Gardner and Porter, 2000). Inorganic sediment delivered to the marsh surface is often 

sourced from local subtidal areas, resuspended by waves and currents. Wave-current processes 

can be driven by periodic processes like tides, or episodic processes like storms (Nyman et al., 

2006). Resulting marsh deposits are predominately fine-grained with the presence of sand and 

organic matter depending on the energy level and sediment sources during depositional events. 

Organic plant and bottom bay sediment material will settle onto the salt marsh in low energy 

environments or be produced in situ from plant production whereas sand will deposit mostly 

along marsh edges from resuspension or wave action from more high energy events such as 

storms and frontal systems (Stumpf et al., 1983; Pejrup et al., 2000).  

Tidal sedimentation plays a dominant role in the growth and decay of wetlands. 

Generally, over millennial scales, marshes with rising sea-level through episodic flooding from 

storms and periodic tidal inundation, both which can deliver sediment. When the platform is 

flooded, suspended sediment can be deposited on the marsh platform (Leonard & Reed, 2002, 

Donnelly et al., 2004; Cahoon et al., 2006). This suspended load deposition is facilitated by the 
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vegetation on the marsh, which slows flow, aiding in deposition (Mudd, 2010). Wetlands 

proximal to open water and channels and at lower elevation tend to have larger sedimentation 

accumulation rates than higher locations more inland (~0.6 to 0.8 cm-yr-1 in a low marsh 

compared to ~0.2 to 0.3 cm-yr-1 in a high marsh) (Wolters et al., 2006, Fitzgerald et al., 2008). 

Tidal processes rarely create erosional surface unlike waves which can remove sediment and 

deposit it in offshore adjacent areas. Some of the eroded material can later be resuspended (by 

waves, tides, and currents) and recycled to marsh surfaces (Wilson and Allison, 2008; Wang et 

al., 2017; Hu et al., 2018).                                                                                                                       

Figure 2. Diagram of the boundary defining the different areas in a marsh platform 

(Fitzgerald et al., 2008) 
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STUDY AREA 

Geographical and Tidal conditions of Jamaica Bay 

 

Figure 3. Physical parameters of Jamaica Bay (Siverd, 2013) 

 Jamaica Bay is one of the largest coastal ecosystems in the New York State area (Hart 

and Milken, 1992) (Figure 3). Located southeast of John F. Kennedy International Airport and 

south of Brooklyn and Queens, the central geographic coordinates of Jamaica Bay are 41°N, 

74°W. Jamaica Bay is a part of the Gateway National Recreation Area that includes New Jersey 

and Staten Island. It is an estuary that includes open water, coastal shoals, bars, mudflats, low 

saltmarsh, high saltmarsh, and upland area. The relative proportion of this open water to land is 

34% water to 66% land (NRDC, 2007).  All of this provides a useful habitat for many species of 

birds, reptiles, and small mammals (Hartig et al., 2002). 

 The tidal dynamics of Jamaica Bay have become anthropogenically influenced due to 

extensive infrastructure development from 1907 to 1972 (Swanson & Wilson, 2008). Within the 

time period, Jamaica Bay went from 65.5 km2 of marsh to 16.2 km2, a reduction of more than 
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75%. (Siverd, 2013) (Figure 4). Natural and human impacts play a role in these alterations, but 

particular events are not well established. The modern tide range averages between 1.5 m and 1.6 

m with an average bay depth of 4 m (NYC-DEP, 2014). Salinity in the bay varies from about 23 

to 27 parts per thousand with fresh and salt water not mixing uniformly (NOAA, 2018).  

 

Figure 4. Marsh degradation in Jamaica Bay from 1844 to 2013 (Weis, 2015)  

History of Geochronology in Jamaica Bay and Surrounding Areas 

 

Vertical accretion in the Jamaica Bay salt marshes has been previous studied via 

geochronology using 210Pb to obtain a sedimentation rate for the area (Zeppie, 1977; Kolker, 

2005). Radionuclides such as 210Pb are used to study and document an average annual input of 

sediment in marsh wetland (Zeppie, 1977; Hartig et al., 2002). Zeppie (1977) determined 

sediment accumulation rates from the Jamaica Bay wetland and found 0.5 to 0.8 cm-yr-1 

sedimentation rate, based on 210Pb as a radiochemical tracer for the geochronology. Kolker 

(2005) examined how the Jamaica Bay salt marsh responded to anthropogenic change in the past 

century and reported sediment accumulation rates on the order of 0.28 to 0.44 cm-yr-1. These 

studies of wetland accretion in the area found a large amount of deterioration, erosion, 

anthropogenic influence, and many storm events layers within the sediment upon core analysis. 

Extensive marshland vertical accretion research has been done in New York as well as 
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surrounding states along the New England coast (Table 1). Orson (2008) reviewed over 50 

papers to develop an overview of saltmarsh accretion rates along the mid-Atlantic coast: 

The table below shows New York and most other nearby salt marsh area aligning with the 

sedimentation accumulation rates found by Kolker (2005) and Zeppie (1977) in the Long Island  

Table 1. Overview of Saltmarsh Vertical accretion rates in New England (Orson, 2008) 

area. 

 

State Vertical 

Accretion 

(mm/yr) 

Standard 

Deviation 

(mm/yr) 

# of Studies in 

the Area 

Tracers Used  

New York 3.45 1.24 21 210Pb  

New Jersey 8.13 4.5 3 210Pb, 137Cs, Pollen, 

Historical  

 

Delaware 5.29 2.25 23 210Pb, 137Cs, 

Radiocarbon Dating 

 

Virginia 3.4 5.29 5 Surface Elevation 

Table 

 

Maryland 2.89 13.4 16 210Pb, 14C, 137Cs, Pollen 

dating 

 

Bedrock Geology of Study Area 

 Jamaica Bay lies at the southern portion of Long Island in Queens, New York. The initial 

formation event of the modern day landscape of the area is Wisconsinan glaciation 85,000 to 

110,000 years ago creating the Ronkonkoma terminal moraine and its outwash plain (Lewis et 

al., 1991). The plain is made from melted glacial water that flowed and deposited sediments 

under the glacier to the end point of the glacier causing a flat plain. The deposits are of poorly 

sorted, unconsolidated clay, silt, sand, and gravel of Late Cretaceous and Pleistocene age 
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(Merguerian et al., 2010). Under these sediments lie the Magothy Formation of unconsolidated 

sands interbedded with silts and clays with a thickness of 305 m. The bottom 30 m of this 

formation has coarser deposits of silts and clay. The Magothy Formation formed during a mid-

Turonian (90 mya) eustatic lowering of sea level. Generally, the sediments consist of sands and 

silty clays representing upper delta plain, lower delta plain, and delta front environments during 

sedimentation (Van Sickel et al., 2004). 

 Below the Magothy formation is the Raritan formation with a thickness of 91 m with a 

primary rock type of clay or mud (Christopher et al., 1979). Both the Magothy and the Raritan 

formations are a part of the Monmouth Group in south Long Island where Jamaica Bay lies and 

are of Upper Cretaceous age. Lastly, the basement geology of Long Island is Gneissic 

metamorphic rocks formed from a continental collision ~1 billion years ago in the Precambrian 

(Uchupi et al., 2000). 
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STATEMENT OF PROBLEM AND OBJECTIVES 

Hurricanes and strong winter storms play a factor in the vertical accretion of Jamaica Bay 

salt marshes and potentially play a role in the lateral erosion of these same salt marshes. This 

study aims to clarify the relative roles of hurricanes and extra-tropical storm in supplying 

sediment for vertical accretion in the Jamaica Bay wetlands. This will be accomplished by the 

integration of storm records, 137Cs and 210Pb geochronology, and mineral content across 12 cores 

collected across Jamaica Bay in Far Rockaway, New York. This study will focus on the 

integration between peaks in mineral accumulation downcore and historical documented storm 

events to determine the relative mineral contribution of these events to the general sediment 

budget in Jamaica Bay on the salt marsh platform. The study will consist of identifying layers as 

elevated mineral sediment content and relating them to known storm landfalls. Lastly, these 

storm deposit events will be documented spatially and temporally to find a wider context to 

compare with other forms of sedimentation in the area. 
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METHODS 

Sample Collection and Mineral Peak Analysis 

USGS collected 12 sediment cores across the Jamaica Bay wetland in August of 2014. 

These cores were taken on the islands of East High, JoCo, Blank Bank, Big Egg, Little Egg, Four 

Sparrow, Duck Point, Yellow Bar, Spring Creek, Fresh Creek, Stony Creek, and Ruffle Bar in 

the Recreation Area (Figure 3).   

 

Figure 3. Core sites throughout Jamaica Bay (Source: Hongqing Wang, USGS) 

Cores were collected by inserting a thin walled aluminum pipe “T-core” (10 cm in 

diameter x 60 cm in length) into the marsh. Cores were kept frozen prior to processing in the 

Louisiana State University Geology and Geophysics department, likely leading to expansion of 

water volume in cores during freezing. Partially thawed cores were extruded, measured, and 
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sliced into 2 cm intervals using an industrial band-saw. Intervals were further divided radially 

into two subsamples of known volume: 75% of the material was reserved for radiochemistry, and 

25% for total organic fraction, mineral fraction, and dry bulk density analysis.  

Organic (ΦC) and mineral (ΦS) fractions were determined using standard loss-on-ignition 

methods (Equations 1 and 2) (Heiri et al., 2001). Dry bulk density (ρb, g-cm-3) was derived from 

the mass and total volume of the sample after drying the sample at 105C for 24 hours (Eq. 3). 

 

(1) 

Φ𝑐 =  
𝐶𝑜𝑚𝑏𝑢𝑠𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 (2 ℎ𝑜𝑢𝑟𝑠 @ 550 𝐶)

𝐷𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 (24 ℎ𝑜𝑢𝑟𝑠 @ 60  𝐶)
 

 

(2) 

Φ𝑠 = (1 − Φ𝑐) 

 

 (3) 

𝜌𝑏 =
𝐷𝑟𝑖𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 (24 ℎ𝑜𝑢𝑟𝑠 @ 105°𝐶)

𝑆𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒
 

Mineral accumulation mass per layer (mL, g-cm-2) was then determined from: 

(4) 

𝓂𝐿 = Φ𝑠 ∗ 𝜌𝑏 ∗  ∆𝑧 

where ΔZ is 2 cm, or the layer thickness after Smith et al. (2015). Core profiles of mL were used 

to calculate whole-core mineral accumulation averages (𝑚𝐿̅̅ ̅̅ ) and standard deviations (𝜎𝓂𝐿) of 

mineral and organic composition after Smith et al. (2015). 

 



16 

 

Geochronology 

The larger subsample of each interval was reserved for determination of sediment 

accumulation rates (SARs) using gamma spectrometric analyses. Radionuclides of interest are 

210Pb (natural 238U series, t1/2=22.2 years), and 137Cs (anthropogenic fallout, t1/2=30.1 years). Data 

are reported in decays per minute per gram dry sediment (dpm/g), for which 1 dpm=60 Bq. 

Water content was determined gravimetrically in samples for radionuclide analysis. Dried 

samples were then ground using a mortar and pestle, and sealed into petri dishes. Samples for 

210Pb analysis rested in sealed dishes for 14 days before 210Pb data were collected, to allow 

ingrowth of 210Pb parent radionuclide 222Rn and to determine supported activities (Corbett, 

2015). 

All samples were analyzed on Canberra LEGe 3825 and 2020 detectors calibrated for 

energy and efficiency using standard reference materials (from US National Institute of 

Standards and Technology, and International Atomic Energy Agency), with samples from a 

single core being restricted to one detector. Sample self-absorption for 210Pb gamma emissions 

was determined using the transmission method (Cochran and Masqué, 2003). Activities 

associated with the 295 and 352 keV peaks of 214Pb and the 609 keV peak of 214Bi were averaged 

to determine the amount of supported 210Pb. The supported 210Pb activity is then subtracted from 

total 210Pb activity to determine excess 210Pb (210Pbxs) activity. Activities for 137Cs were 

determined from analysis of the 661 keV peak (Cunha et al., 2001). 

Differentiation of 210Pb Geochronology Models 

 

 210Pb can be used as a tool for geochronological reconstruction by creating an age model 

based on a range of assumptions regarding the supply of 210Pb and sediment from the water 

column to the sediment surface. The general assumptions are: 210Pb is quickly removed from the 
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atmosphere and freshwater streams and sequestered in soils in sediments; 210Pb is immobile once 

deposited; excess 210Pb does not migrate down the sediment column; supported 210Pb is in 

secular equilibrium with its grandparent 226Ra; and supported 210Pb is independent of depth 

(Corbett, 2015). 

 The Constant Flux, Constant Sediment (CFCS) model assumes an increased flux of 

sedimentary particles from the water column will remove proportionally increased amounts of 

210Pb from the water to the sediments (Appleby, 1983). The model also assumes that vertical 

sediment accumulation rate will not affect the 210Pb concentration and it will remain constant 

throughout time. Some discrepancies found by Appleby (2001) within the CFCS model indicate 

variations in the initial 210Pb concentration that will remain constant can be due to a specific 

event such as a flood, storm, slump, or anthropogenic activity which is not the norm as 

sedimentation continues. 

 

The excess 210Pb concentration will vary with depth in accordance with the formula 

(Appleby and Oldfield 1983): 

(5)     
𝐶

𝐶𝑜
= e

t
 

 

where Co is the unsupported 210Pb concentration of sediments at the sediment water interface and 

the radioactive decay constant () of 210Pb is: 

    Pb = 𝑙𝑜𝑔2/22.26 = 0.0311y-1     

    
 

(7)   Or Pb = ln(2/22.26y) = 0.03114y-1, as previously stated   

  

 

According to Appleby and Oldfield (1983), the age of sediment layers with 210Pb 

concentration C is therefore: 
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(8)     t= 1/-ln(C/Co)  

 
Long-term sediment accumulation rates for 210Pb using the CFCS model were calculated 

using Sigmaplot© by least-squares regressions on radionuclide data based on Eq. 2 from 

Muhammad et al. (2008) adapted from Nittrouer and Sternberg (1981): 

 

(9) 

𝐴𝑧 = 𝐴0𝑒(−
𝜆𝑧
𝑆

)
 

 

where Az is activity at depth z (dpm/g), A0 is activity extrapolated to the sediment surface 

(dpm/g), λ is the decay constant of radionuclide of interest (year–1), and S is the sediment 

accumulation (long term, 210Pb) rate.  

        

The constant rate of supply (CRS) or the constant flux model is designed to determine the 

age of a given depth from a 210Pb vertical profile downcore. The model assumes that excess 210Pb 

is supplied a constant rate to sediments, initial 210Pb concentration in the sediment is variable, as 

well as the accumulation rate (Turner et al., 1996). Because this model assumes constant 210Pb 

atmospheric fallout, no post-depositional mixing is also assumed. An assumption that makes the 

CRS model more applicable to this study is that the transport parameters are independent of 

sedimentation rate. All of this allows for the CRS model to have a variable sedimentation rate 

(Corbett, 2015). 

According to Appleby and Oldfield (1978), the initial concentration Co(t) of excess 210Pb 

in sediment of age t years must satisfy the following: 

 



19 

 

(10)     Co(t) r(t) = constant      

    

 

where r(t) (g/cm2yr-1) is the dry mass sedimentation rate at time t. 

 

 

 

 

From this equation, Appleby and Oldfield (1978) developed a relation for the age of deposit at 

depth x: 

 

(11)     t=(1/)ln(I0/Ix)      

       

137Cs Geochronology Methods 

For the 137Cs geochronology, SARs for each core were calculated using Equation 12, where Zmax 

is the 137Cs peak depth and T is the year of sample collection (Nittrouer et al., 1983). This 

equation assumes negligible bioturbation due to the clear 137Cs profiles and peaks throughout the 

cores. 

  

(12) 

SAR =  
𝒁𝒎𝒂𝒙

𝑻 − 𝟏𝟗𝟓𝟑
 

 
137Cs initial activity value is correlated to 1953, the year sub-atmospheric nuclear testing began 

and when 137Cs fallout began. When sun-atmospheric testing reached its peak, this year has been 

correlated to 1963.  From this, another SAR can be found in a similar manner as Equation 12.  

 

(13) 

SAR =  
𝒁𝒎𝒂𝒙

𝑻 − 𝟏𝟗𝟔𝟑
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Combining Geochronology and Mineral Mass Variations to Determine 

Storm-Sediment Contributions 

 

Core mineral content and geochronology indicated down-core peaks in mineral content 

that were apparently consistent in absolute age for several cores. To allow more detailed spatio-

temporal study of variations in mineral content, the following method was used to identify and 

develop age models for subsurface maxima in mineral content after Smith et al. (2015). To 

standardize the peak identification process, in each core, peaks in mineral content were defined 

as depth ranges when 𝓂𝐿 > 𝓂𝐿̅̅ ̅̅ ̅ where “𝓂𝐿” is defined as mineral mass layer and “𝓂𝐿̅̅ ̅̅ ̅" is 

defined as average mineral mass layer. Year of deposition Yearpeak  and uncertainty of Yearpeak 

were estimated from Equations 14 and 15: 

 

(14)         Yearpeak = Yearcollection - 
𝐷𝑒𝑝𝑡ℎ 𝑝𝑒𝑎𝑘

𝑆𝐴𝑅 𝐴𝑣𝑔
 

 

(15)             Uncertainty = 
∆𝑧

𝑆𝐴𝑅 𝐴𝑣𝑔
 

 

The combined year of deposition and uncertainty for each peak then defined a window of time 

that was compared to known chronologies of storms passing over or near to the study area. 

A table of all tracked extra-tropical storms and hurricanes that fell within a 200 km radius of the 

Jamaica Bay estuary system was created using the NOAA hurricane tracker database (NOAA, 

2017). Hurricane Sandy’s storm radius of 1609 km was used as a reference point to gauge the 

likelihood of capturing storms that effected the study area in this chosen radius (Brandon et al., 

2014). Previous studies (Denommee et al., 2014; Smith et al., 2015) have used a 100 km radius, 

but produced an unreasonably small number of potential events. Hence, the search radius was 



21 

 

increased. Peaks in mineral mass were then assigned to known documented storms if their 

determined age window contained the landfall year of a particular storm (Denommee et al., 

2014). 

Storm Mass Contributions 

Mineral mass peaks were rarely restricted to one interval, and were often defined by more 

than two depth points. Three equations were used to define the mineral mass contribution of each 

recognized storm event layer in a statistically robust way (Equations 16, 17, and 18). Equation 16 

defines min as the summation of mineral mass layer values within a single event layer that 

exceed the average value of a single core. Equation 17 defines max as the summation of values 

that exceed the sum of the whole-core average and standard deviation (𝑚𝐿̅̅ ̅̅ + 𝜎𝓂𝐿). Equations 

16 and 17 serve to bracket reasonable minimum and maximum values of mineral mass 

contribution per event layer within a single core, and Equation 18 is the average of these two 

values, allowing representation of the sediment mass within each peak as a mean ± uncertainty. 

 

(16) 

Σ𝑚𝑖𝑛 = ∑ 𝑖𝑚𝐿

𝓂𝐿 𝑝𝑒𝑎𝑘 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠

𝑖= 𝓂𝐿>𝑚𝐿̅̅ ̅̅ ̅

 

(17) 

Σ𝑚𝑎𝑥 =  ∑ 𝑖𝑚𝐿̅̅ ̅̅ ̅

𝓂𝐿 𝑝𝑒𝑎𝑘 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠

𝑖= 𝓂𝐿 >𝑚𝐿̅̅ ̅̅ ̅ +𝑚𝐿

 

 

(18)  

Σ𝑚𝐿 =  (
Σmax + Σ𝑚𝑖𝑛

2
) ± (

Σ max − Σ𝑚𝑖𝑛
2

) 
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RESULTS 

Identification of Storms That Have Impacted the Area During the Last 159 Years 

Figure 4 and Table 2 show the tracks, timing, and storm descriptions for all storms that 

tracked within 200 km of the study area during the past 159 years, based on data from NOAA 

(2017). A total of 24 storms were identified in 28 mineral mass peaks with 14 of those being 

categorized as a hurricane and the other 11 being tropical storms and depressions that later 

transitioned into extra-tropical storms. In total, 17 storms documented underwent extra-tropical 

transition (Figure 4). 

 

Figure 4. All storm tracks fallen within the 200 km radius of Jamaica Bay (NOAA, 2017) 
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Table 2.  All documented Hurricanes and Extra-tropical storms in a 200 km of Jamaica Bay  

(NOAA, 2017) 

 

Storm Name Date Type/Maximum 

Intensity 

Type/Intensity within 

200 km Radius 

 ANDREA 2013 Jun 05, 2013 to Jun 

08, 2013 

Tropical Storm Extra-tropical Storm 

SANDY 2012 Oct 21, 2012 to Oct 

31, 2012 

Category 3 Extra-tropical storm 

IRENE 2011 Aug 21, 2011 to Aug 

30, 2011 

Category 3 Tropical Storm 

BARRY 2007 
May 31, 2007 to Jun 

05, 2007 
 

Tropical Storm Extra-tropical storm 

TWENTY-TWO 2005 
Oct 08, 2005 to Oct 

14, 2005 
 

Tropical Depression Extra-tropical storm 

CINDY 2005 
Jul 03, 2005 to Jul 11, 

2005 
 

Category 1 Extra-tropical storm 

CHARLEY 2004 
Aug 09, 2004 to Aug 

15, 2004 
 

Category 4 Extra-tropical storm 

GORDON 2000 
Sep 14, 2000 to Sep 

21, 2000 
 

Category 1 Extra-tropical storm  

BOB 1991 
Aug 16, 1991 to Aug 

29, 1991 
 

Category 2 Category 2 

GLORIA 1985 
Sep 16, 1985 to Oct 

02, 1985 
 

Category 4 Category 1 

BELLE 1976 
Aug 06, 1976 to Aug 

10, 1976 
 

Category 3 Category 1 

DONNA 1960 
Aug 29, 1960 to Sep 

14, 1960 
 

Category 4 Category 2 

CAROL 1954 
Aug 25, 1954 to Sep 

01, 1954 
 

Category 3 Category 3 

Homestead Florida 

Hurricane of 1945 

Sep 12, 1945 to Sep 

20, 1945 
 

Category 4 Tropical Depression 

 
   

(table cont'd.) 
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Storm Name 
Date Type/Maximum 

Intensity 

Type/Intensity within 

200 km Radius 

Cuba-Florida Hurricane of 

1944 

Oct 12, 1944 to Oct 

24, 1944 
 

Category 4 Never made Landfall 

 

 

 

1944 Great Atlantic 

Hurricane 

Sep 09, 1944 to Sep 

16, 1944 
 

Category 4 Category 1 

New England Hurricane of 

1938 

Sep 09, 1938 to Sep 

23, 1938 
 

Category 5 Category 3 

Hurricane Seven 1934 
Sep 05, 1934 to Sep 

10, 1934 
 

Category 2 Tropical Storm 

Tropical Storm Eight 1924  
Sep 27, 1924 to Oct 

01, 1924 
 

Tropical Storm Tropical Storm 

Tropical Storm One 1916 
May 13, 1916 to May 

18, 1916 
 

Tropical Storm Extra-tropical Storm 

Hurricane One 1915 
Jul 31, 1915 to Aug 

05, 1915 
 

Category 1 Extra-tropical Storm 

Tropical Storm One 1907 
Jun 24, 1907 to Jun 

30, 1907 
 

Tropical Storm Extra-tropical Storm 

Hurricane Two 1904  
Sep 08, 1904 to Sep 

15, 1904 
 

Category 2 Extra-tropical Storm 

Hurricane Three 1903 
Sep 12, 1903 to Sep 

17, 1903 
 

Category 1 Category 1 

UNNAMED 1902 
Jun 12, 1902 to Jun 

17, 1902 
 

Tropical Storm Extra-tropical Storm 

Tropical Storm Six 1900 
Oct 10, 1900 to Oct 

15, 1900 
 

Tropical Storm Extra-tropical Storm 

Hurricane Nine 1899 
Oct 26, 1899 to Nov 

04, 1899 
 

Category 2 Extra-tropical Storm  

The Florida Panhandle 

Hurricane of 1894 

Oct 01, 1894 to Oct 

12, 1894 
 

Category 3 Category 1 

New York Hurricane of 

1893 

 

 

Aug 15, 1893 to Aug 

26, 1893 

 

Category 3 Category 1 

(table cont'd.) 
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Storm Name Date Type/Maximum 

Intensity 

Type/Intensity within 

200 km Radius 

Tropical Storm Five 1888 Sep 06, 1888 to Sep 

13, 1888 

Tropical Storm Extra-tropical Storm 

Great Beaufort Hurricane 

of 1879 

 

Aug 13, 1879 to Aug 

20, 1879 

 

Category 3 Category 1 

Hurricane Four 1877 Sep 21, 1877 to Oct 

05, 1877 

Category 3 Extra-tropical Storm 

New England Gale of 1869 
 

Sep 07, 1869 to Sep 

09, 1869 

 

Category 3 Category 3 

Tropical Storm 1866 Oct 29, 1866 to Oct 

30, 1866 

Tropical Storm Extra-tropical Storm 

Hurricane Three 1858 
 

Sep 14, 1858 to Sep 

17, 1858 

Category 2 Category 1 

 

SAR Results Using 137Cs, and 210Pb CFCS and CRS Models 

Radioisotope profiles are shown in Figures 5a-5l. Plots of depth versus age using the 

210Pb CRS model are shown in Figures 6a-6l. SAR results for the geochronological models using 

137Cs, 210Pb, CFCS, and CRS approaches are shown in Table 3. 

Across all cores and methods, the sediment accumulation rate ranged from 0.22 to 0.83 

cm-yr-1 with the largest range within an isolated method being the 137Cs 1963 SAR, but seems to 

be consistent with all other methods and smallest being 210Pb CRS SAR (Table 3). With respect 

to age models, the two 210Pb models carried generally a larger sediment accumulation rate than 

SARs estimated from 137Cs. Once averaged, the CRS model was .46 cm-yr-1 with the CFCS 
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model having an average SAR rate of 0.5 cm-yr-1. The 137Cs based sediment accumulation rates 

for Jamaica Bay marshes are in the range of 0.4-0.7 cm-yr-1 (Table 3). 

 With respect to specific cores, Little Egg and Duck Point carries the highest SARs of 0.7 

cm-yr-1 and 0.72 cm-yr-1 respectively from the average of all four methods. Little Egg, however, 

was only cored to a depth of 27 cm, the shortest core of this study. The lowest SAR found in the 

cores is 0.39 cm-yr-1; a value found at Four Sparrow, Yellow Bar, Spring Creek, and Fresh 

Creek. The most agreeable core between all methods is JoCo with a range of 0.09 cm-yr-1 and 

the most disagreeable core being Black Bank with a range of 0.88 - 0.68 cm-yr-1 (Table 3). In 

this case, the low 137Cs activity and single detected sample makes the Cesium suspect. The 

average of all cores is 0.48 cm-yr-1. 

In order to apply our approach to estimating the age of each mineral event layer to this 

data set, a single SAR is necessary for each core. In most cases SARs by all methods fall within 

a range of 0.15 cm-yr-1 (excepting Black Bank, which has very low 137Cs activities that may not 

yield a reliable chronostratigraphy; Fig. 5j, Table 3). For the purposes of simplicity, an average 

of the CFCS, CRS, and 137Cesium 1963 and 1953 model SARs was calculated for each core, and 

used to develop age models for event layers.   
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Figure 5. 137Cs and 210Pb Activity profiles downcore for Big Egg (a), Duck Point (b), Fresh 

Creek (c), and Little Egg (d). 
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Figure 5 (cont.). 137Cs and 210Pb Activity profiles downcore for Yellow Bar (e), JoCo (f), Ruffle 

Bar (g), Stony Creek (h). 
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Figure 5 (cont.) 137Cs and 210Pb Activity profiles downcore for Spring Creek (i), Blank Bank (j), 

East High (k), and Four Sparrow (l).  
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Figure 6b. Big Egg (BE14-203)  
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Figure 6a. Black Bank (BB14-17)
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Figure 6c. Duck Point (DP14-13)
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Figure 6d. East High (EH14-32) 
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Figure 6. CRS model for cores Black Bank (a), Big Egg (b), Duck Point (c), and East High (d). 

Showing apparent age versus depth. 
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Figure 6e. Fresh Creek (FC14-14)
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Figure 6f. Four Sparrow (FS14-4)
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Figure 6g.Little Egg (JB14-5)
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Figure 6h. Yellow Bar (JB14-9)
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Figures 6 (cont.). CRS model results for cores Fresh Creek (a), Four Sparrow (b), Little Egg (c), 

and Yellow Bar (d). Showing apparent age versus depth. 
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Figure 6i. JoCo (JC14-31)
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 Figure 6j. Ruffle Bar (RB14-42)
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 Figure 6k. Spring Creek (SPC14-10)
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Figure 6l. Stony Creek (STC14-91)
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Figure 6(cont.) CRS model results for JoCo (i), Ruffle Bar (j), Spring Creek (k), and Stony 

Creek (l) showing apparent age versus depth  
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Table 3. Sediment Accumulation Rates (SAR) with each core for each geochronology method used. 
 

 
 

  

Core 

Max 

Depth

SAR mean 

w/ CFCS 

model

SAR mean w/ 

CRS model 

(each core 

averaged)

Mean 

SARs

(cm) (cm-yr
-1

) (cm-yr
-1

) (cm-yr
-1

)

Averages 0.55 0.46 0.44 0.48 0.48 62

0.48 0.45 0.08 670.95 0.33 6.06 25 0.49 29Ruffle Bar
40.597°

N
73.859°W 54 0.49 4.08

25 0.41 0.45 0.05 593.92 0.92 0.46 4.35 21 0.41

0.48 0.39 0.08 86

Stony Creek
40.609°

N
73.851°W 40 0.51

0.9 0.4 5 15 0.29 29Fresh Creek
40.646°

N
73.889°W 54 0.4 5

39 0.64 0.39 0.19 895 0.92 0.28 7.14 11 0.22

0.31 0.36 0.05 xx 40

Spring Creek
40.659°

N
73.856°W 40 0.4

0.5 0.4 5 17 0.33 19Yellow Bar
40.606°

N
73.841°W 50 0.4 5

45 0.74 0.72 0.07 21.54 0.63 0.62 3.17 37 0.73

0.41 0.39 0.06 82

Duck Point
40.620°

N
73.855°W 46 0.77

0.92 0.3 6.67 23 0.45 25Four Sparrow
40.602°

N
73.904°W 40 0.41 4.88

Nd Nd xx 0.15 xx 552.41 0.43 0.62 3.23 Nd Nd

0.44 0.41 0.06 68

Little Egg
40.593°

N
73.863°W 27 0.83

0.83 0.31 6.45 23 0.45 27

Nd 0.14 xx 31

Big Egg
40.597°

N
73.832°W 48 0.42 4.76

0.68 2.94 Nd Nd Nd Nd

0.04 81

Blank Bank
40.623°

N
73.830°W 50 0.88 2.27 0.77

4.35 25 0.49 31 0.51 0.5

79

JoCo
40.614°

N
73.799°W 46 0.55 3.63 0.89 0.46

23 0.45 27 0.44 0.52 0.14

Elevation 

(cm)

East High
40.618°

N
73.805°W 50 0.51 3.92 0.61 0.68 2.94

137
Cs 

1963 peak 

depth (cm)

137
Cs 

SAR (cm-

yr
-1

 )

137
Cs 1953 

Max Depth (cm)

137
Cs 1953 

SAR (cm-yr
-1

)

Standard 

Deviation 

(cm-yr
-1

)

Inconsistent 

SARs
Core Sites Latitude Longitude

CFCS 

Uncertainty 

in years

R
2

CRS 

Uncertainty 

in years
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Identification of Event Layers and Matching Layers to Specific Events 

Most cores were found to be organic-rich, marked with irregularly distributed cm-scale 

beds having increased mineral content (Figure 7a-l). Historic storm data, dating as far back as the 

late 1800’s, were used to identify hurricanes and major winter storms determined by the National 

Weather Service passing within 200 km of the study area (Table 2). Nor’easters were not 

documented or correlated in this study due to NOAA’s historical storm tracker not including a 

robust model of tracking nor’easters specifically to then align into our radius. Strength nor 

location tracking could be found in an archival sense unlike hurricanes and other tropical 

systems. Likely storm-event deposits in each core were identified as layers with mineral content 

higher than the core mean plus one standard deviation and were matched to historic events via 

radioisotope geochronology, incorporating age-model uncertainty (Table 3) adapted from Smith 

et al., 2015. Overall, 24 out of the 28 defined storm layers match the timing of historic strong 

storms (within uncertainty ranging from 2 to 5 years) from 1858 to Hurricane Sandy in 2012 

(Tables 4.1 and 4.2). Some notable storms documented within the cores are Hurricane Sandy, 

Irene, Bob, Gloria, Belle, Carol, the 1944 Great Atlantic hurricane, and the New England 

Hurricane of 1938. Years of largest activity in terms of documented events are 2005 (3), 1985 

(3), and 1934 (3). (Table 4.1 and 4.2). Fresh Creek’s core documents the most events (5), with all 

peaks in the core documented within 1945 and 1877. The core with the least number of events 

documented is Spring Creek (1) with only Hurricane Sandy documented in core (Table 4.1). The 

core with the largest mineral accumulation for its specific events is Little Egg with a total storm 

mineral accumulation of 5.41 g/cm2 (Table 4.2). The event that deposited the largest amount of 

sediment is Hurricane Gloria in 1985 found in the Little Egg core with a total mineral 

accumulation of 2.73 g/cm2 (Table 4.1). The event that deposited the least amount of sediment, 



 

35 

 

but still considered an event, is Hurricane Sandy found in the Spring Creek core with a mineral 

accumulation amount of .069 g/cm2. (Table 4.1) 
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Figure 7. Mineral mass per layer, Mean Mineral Mass per layer, Standard Deviation Mineral 

Mass per layer + Mean vs. Depth (Average SAR rates used). Cores Shown: Little Egg (a), 

Yellow Bar (b), Black Bank (c), and Big Egg (d) 
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Figure 7 (cont.) Mineral mass per layer, Mean Mineral Mass per layer, Standard Deviation 

Mineral Mass per layer + Mean vs. Depth (Average SAR rates used). Cores Shown: Spring 

Creek (e), Duck Point (f), Fresh Creek (g), and Four Sparrow (h) 
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Figure 7 (cont.) Mineral mass per layer, Mean Mineral Mass per layer, Standard Deviation 

Mineral Mass per layer + Mean vs. Depth (Average SAR rates used). Cores Shown: Ruffle Bar 

(i), Stony Creek (j), JoCo (k), and East High (l)  
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Figure 8. Cs137 and Pb210 Averaged sediment accumulation rate (cm-yr-1). (Note: erosion was not 

considered and spatial variation of deposition was not considered due to the limitation of cores 

collected) 
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Table 4.1. Event layers from each core correlated to storms within 200km of coring location site from 1954 to 2013 (mineral 

accumulation is in g/cm2 (Average SAR from all four methods used). Intensity shown by year is intensity at Long Island landfall.  

(ET = extra-tropical storm, TS = tropical storm, TD = tropical depression, H1-H5 = category 1 to category 5 hurricanes) 

 

 

 

 

 

 

  

Core Sites Number 

of 

Layers 

detected 

in Core 

Andrea 

2013 

(ET) 

Sandy 

2012 

(ET) 

Irene 

2011 

(TS) 

Twenty 

Two 

2005 

(ET) 

Cindy 

2005 

(ET) 

Charley 

2004 

(ET) 

Gordon 

2000 

(ET) 

Gloria 

1985 

(H1) 

Carol 

1954 

(H3) 

East High 4     0.30    

JoCo 2          

Blank Bank 1    0.81    

Big Egg 3       0.54   

Little Egg 2   2.68  2.73  

Four 

Sparrow 

2          

Duck Point 3       .79 1.08 0.84 

Yellow Bar 3    .74  1.01  

Spring Creek 1  0.67        

Fresh Creek 5          

Stony Creek 1         

Ruffle Bar 2         0.69 

Total Storm 

Accumulatio

n by Event 

28  1.26   4.58  1.33 4.82 1.53 
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Table 4.2. Event layers from each cores correlated to storms within 200km of coring location site from 1877 to 1945 (mineral 

accumulation is in g/cm2 (Average SAR from all four methods used). Intensity shown by year is intensity at Long Island landfall 

 (ET = extra-tropical storm, TS = tropical storm, TD = tropical depression, H1-H5 = category 1 to category 5 hurricanes) 

Core Sites 1945 

(TD) 

Two 

1944 

storms 

(ET/H1) 

1938 

(H3) 

1934 

(TS) 

1924 

(TS) 

1916 

(ET) 

1915 

(ET) 

1904 

(ET) 

1903 

(H1) 

1902 

(ET) 

1900 

(ET) 

1899 

(ET) 

1894  

(H1) 

1893 

(H1) 

1879 

(H1) 

1877 

(ET) 

Total 

Storm 

ML by 

Location 

(g/cm2) 

Percent 

of 

Event 

ML 

found 

within 

core 

East High 0.28   0.33 0.57          1.48 11.7% 

JoCo   0.37 0.27             0.60 18.1% 

Blank Bank                 0.81 11.5% 

Big Egg        0.41 0.78     1.73 8.7% 

Little Egg                 5.41 17.9% 

Four 

Sparrow 

   2.71 2.19            4.91 40.6% 

Duck Point                 2.62 25.9% 

Yellow Bar             0.64    2.38 35.5% 

Spring Creek                 0.67 1.3% 

Fresh Creek 0.32 0.34 0.35         0.31 0.30 1.63 12.1% 

Stony Creek                 0.57 11.3% 

Ruffle Bar        0.69       1.38 17.4% 

Total Storm 

accumulation 

by Event 

0.60  0.68 1.36 2.53 0.57  1.10 0.78  0.95  0.30  22.39 19.8% 
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Figure 9. Elevation of all core sites versus Averaged SAR Accumulation Rates 
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DISCUSSION 

In Smith et al.’s (2015) work in Breton Sound, Louisiana, documented storm deposition 

across the study area is seen widely distributed throughout most cores, whereas our data show no 

storm events represented in more than three cores. This could be the result of conditions similar 

to those modeled by Hu et al. (2017), wherein local geomorphology exerts strong control on the 

local depositional processes. In contrast, the Smith et al. (2015) study area is relatively wide, 

planar, and more uniform geomorphically. Apart of geological differences, Smith et al. were 

documented major hurricanes of Category 3 and above whereas the criteria in this study 

encapsulates all systems within a larger radius. Smith et al. (2015) looked at what role hurricanes 

play in sediment delivery to the subsiding Mississippi River delta. Like this study, Smith et al. 

(2015) analyzed multiple cores using 210Pb and 137Cs to compare with mineral peaks within the 

core to correlate historical storm events with those peaks. They found these storm events only 

account for 13% of total sediment accumulation and an average sediment accumulation rate of 

0.76 cm-yr-1 across 27 cores (Smith et. al, 2015). 

Wetland SARs commonly exhibit positive correlation with sediment elevation with 

respect to tidal inundation (Hu et al., 2018, Wang et al., 2017, Smith et al., 2015)  In order to 

evaluate effects of elevation on SAR, Averaged SAR results were compared to the sediment 

surface elevation for each core location, derived from LIDAR (Wang et al., 2017), in Figure 9. A 

linear correlation of sediment elevation versus SAR showed an R2 value of 0.38, indicating that 

most variation of SARs cannot be explained by low-marsh/high marsh elevation relation with 

sediment accumulation and other factors such as distance from Rockaway inlet or from the 

channels are also in play (e.g., Wang et al., 2017; Hu et al., 2018). 
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 Total mineral sediment accumulation in the study area is 112.9 g/cm2 over the average 

age span of 90.36 years for all cores. 22.4 g/cm2 or 19.8% of this amount is identified as mineral 

accumulation brought about by storm events. Within these anthropogenically altered wetlands, 

dredging, ditching and landfills could account for some of these apparent event layers. Because 

of these variables, it is possible some of these event layers are the result of human activities, not 

storm sedimentation.  

Little Egg has the largest amount of mineral content within its core than any of the other 

ones (Table 4.2). This can be due to geographic, tidal, and/or anthropogenic influence (Hartig et 

al., 2002). Considering its site location is one of the closest to the opening of Rockaway Inlet 

(Figure 8), it would seem understandable that the initial surge of many of the storms that pass 

through deposit a relatively higher amount on the marshes closer to the entry path of the surge 

(Wang et al., 2017). Generally, the eastern side of the marsh is relatively healthier than the 

western portion. This is most noted in the contrast between JoCo Island to the east and Yellow 

Bar to the West (Hu et al., 2017). Hartig et al. (2002) treats Yellow Bar as the main example of 

pre and post urbanization for Jamaica Bay. Post urbanization in Jamaica Bay is documented as 

narrow bands of vegetation adjacent to filled land on one side with the open bay on the other. 

(USDA, 2001).  Three extra-tropical storms that all made landfall within the window uncertainty 

for one mineral peak (Hurricane Charley in 2004, “Twenty-Two” in 2005, and Hurricane Cindy 

in 2005), Hurricane Gloria in 1985, and an unnamed hurricane in 1915 are the most prevalent 

events correlated between many the cores (Table 3).  

Another possibility for some larger sediment event layers can be the production of fine-

grain sediments from ponding (Adamowicz et al., 2005). Ponding results from the death of 

wetland vegetation, producing fine grained inorganic sedimentation organics in a salt pool 
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(DeLaune et al., 1994). Ponding has been observed within marsh interiors throughout Jamaica 

Bay (Hartig et al., 2002). This sediment is a distinct water saturated dark-gray inorganic 

sediment that differs from the brown peaty organics deposited through marsh vertical accretion 

and is also a deeper grey than a tidal induced inorganic mineral deposit (Wilson et al., 2010). 

This depositional result from ponding can alter results if close attention is not given as these 

deposits can get mislabeled as a mineral layer (Cahoon et al., 1995).  

The lack of a multi-core signal of Sandy is interesting (Table 4), with the observed wind 

of 120 km/h, waves, and a maximum surge reaching 3.5 m in Jamaica Bay (Wang et al., 2017), 

one would initially expect an ubiquitous event horizon in terms of mineral deposition across all 

sites. This is not the case, as seen in Hu et al. (2018) models, study showing general erosion and 

little sedimentation taking place on both low and high marsh.  Erosion during Sandy took place 

on the western portion of the bay with the largest bed shear stress, i.e. resuspension, was in the 

Rockaway Inlet (Hu et. al., 2018). Hu et al. 2018 modeled a Hurricane Sandy event to observe 

any Sandy-induced maximum suspended mud and sand concentrations. The modeled peak values 

in the Jamaica Bay reached 1.8 km/m3 and 10 kg/m3 for mud and sand, respectively. Suspended 

sand concentrations were found predominately in the western part of the bay and more 

suspended mud concentrations found on the eastern part of the bay. Considering bed shear stress 

and more wave action found in the western portion of the bay, the suspended sediment 

concentrations align appropriately.  Large sediment transport during Hurricane Sandy was 

associated with large relative wave height; this took place dominantly near the Rockaway Inlet 

(Wang et al., 2017).  
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CONCLUSIONS 

This study provides insight on the geochronology of the Jamaica Bay wetlands, in 

particular the signals of storm generated event layers in the last 130 years. Analysis of sediment 

cores from most islands in the wetland provided wider approach to the study of understanding 

accretion and geochronology. The significant findings can be summarized as follows: 

1. The average sediment accumulation rate from all methods (1963 and 1953 137Cs, CIC 

and CRS 210Pb methods, is 0.48 centimeters per year with sedimentation rates found 

highest at Little Egg.   

2. Storm sedimentation is important for wetland sustainability but does not provide 

enough accretion to successfully counteract again relative sea level in the area.  

3. Extra-tropical storms have been found to be most important and dominant in storm 

deposited mineral layers in Jamaica Bay. 

Hurricane Sandy was not identified in most cores and generally does not play a large role in 

mineral accretion for Jamaica Bay in its deposition window
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