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Abstract Salt marshes worldwide are threatened by sea‐level rise (SLR) and their survival is linked to the
production of belowground biomass and mineral sediment deposition. While hurricanes can pose a significant
threat to salt‐marsh stability, we show that a single, large magnitude storm can drive deposition surpassing long‐
term annual accretion. However, the potential thickness of a single hurricane‐induced depositional layer
remains poorly constrained. Here we assess storm sedimentation (geotechnical characteristics, layer thickness)
along the border (∼10 off edge) of salt marshes behind four barrier‐island systems (Amelia Island, Sapelo
Island, Hilton Head, Cape Romain). Analysis of short cores reveals the presence of Hurricane Irma‐related
deposits in 32 of 37 sites (0.5–8.0 cm thick) composed of mud to muddy sand. Thickness of the event layer
decreases from south (Amelia Island) to North (Cape Romain), corresponding to a decrease in wind velocity,
wave energy, and storm surge due to increasing distance from the hurricane path. We found that marsh sites
proximal to tidal inlets contained thicker sediment layers with coarser sand than sheltered sites. The
heterogeneity in grain size indicates that localized hydrodynamics strongly influence variability in sediment
reworking. Regression analyses showed a weak correlation of thickness with wave energy, sand–mud ratio, and
storm inundation duration. However, we found a strong relationship (R2 = 0.56) between storm layer thickness
and vertical accretion rates at the same sites determined from 210Pb dating Hein et al. (2024), https://doi.org/10.
1038/s43247‐024‐01219‐8. This suggests that hurricanes are important contributors to marsh sedimentation,
boosting accretion rates and enhancing their resilience to SLR.

Plain Language Summary Climate change and sea‐level rise (SLR) threaten the survival of salt
marshes, whose resilience is closely tied to the ability to maintain elevation through above ground mineral
deposition and belowground biomass. Storms threaten marshes by driving edge erosion and platform scouring
through strong winds and high wave energy, while prolonged inundation can lead to vegetation dieback. In
contrast, our study reveals that an intense storm event such as Hurricane Irma (September 2017) can deliver
large quantities of sediment to the marsh edge. Furthermore, it demonstrates that deposition during a single
event can reach 8 cm thick, boosting vertical accretion rates and enhancing resilience to SLR. We measured the
sediment properties and composition of Irma deposits across 37 sites in four backbarrier marshes between
Florida and South Carolina. Our analyses show that complex interactions among proximity to the inlet,
exposure, storm wave energy and inundation affect sediment dispersal.

1. Introduction
Salt marshes are valuable coastal ecosystems that provide nursery grounds and habitat for fish and shellfish
(Barbier et al., 2011; Möller et al., 2014), sequester up to 0.1% of the global carbon (Chmura et al., 2003; Ouyang
& Lee, 2020), export detritus and nutrients to the coastal ocean (Sousa et al., 2010), and mitigate the effects of
flooding and storm surges on the mainland (Möller et al., 2014; Temmerman et al., 2013). Salt marshes are
threatened by accelerating sea‐level rise (SLR), which is projected to lead to the loss of up to 90% of marshlands
worldwide by 2100 (Schuerch et al., 2018).

Deterioration of salt marsh can occur through elevation loss (Cahoon, 2006), lateral edge erosion (Marani
et al., 2011), or conversion from high to low marsh (FitzGerald et al., 2008), tidal flats, and/or open water (Ganju
et al., 2017; Kirwan & Megonigal, 2013). Although erosion can take place in the absence of SLR (Fagherazzi
et al., 2013), this response is thought to be the primary driver of salt marsh loss (e.g., FitzGerald et al., 2021).
Moreover, the loss of marshlands increases open‐water area and backbarrier tidal prism, thereby threatening the
stability of barrier island coasts (FitzGerald et al., 2008, 2021; Wiberg et al., 2020). The loss of marshes as they
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transform into tidal flats and open water could cost trillions of dollars in property damages and coastal ecosystem
services (Jevrejeva et al., 2018; Kulp & Strauss, 2019).

To survive accelerating SLR, marshes must either migrate landward (Schwimmer & Pizzuto, 2000) or accrete
vertically through organic accumulation (i.e., biomass production) and inorganic deposition (J. T. Morris
et al., 2016). Yet for many coasts globally, landward migration may be prevented by anthropogenic structures
(Enwright et al., 2016). Likewise, vertical accretion is often restricted due to limited organic production and/or
low or reduced sediment supply (e.g., Hein & Kirwan, 2024; Torio & Chmura, 2013; Weston, 2014). However,
the survival of some marshes is enhanced by the episodic delivery of sediment during high‐energy events
(e.g., Stumpf, 1983), such as tropical and extratropical storms, hurricanes, and river flooding. Indeed, sediment
deposition associated with a single event can be responsible for accumulation equating to decades of annual
accretion, thereby enhancing marsh resilience to climate change and accelerating SLR (Baustian & Mendels-
sohn, 2015, 2018; Cahoon et al., 1995; FitzGerald et al., 2020; Kirwan & Guntenspergen, 2010; McKee &
Cherry, 2009; R. E. Turner et al., 2006; Tweel & Turner, 2012). Several studies have described the spatial
distribution and thickness of sediment layers deposited on marshes during the passage of frontal systems
(Reed, 1989), tropical storms (Goodbred & Hine, 1995), and numerous hurricanes (e.g., R. E. Turner et al., 2006;
Tweel & Turner, 2012). Detailed measurements along the Louisiana coastal plain revealed that approximately
131 × 206 metric tons of sediment were deposited by Hurricanes Katrina and Rita in 2005 (R. E. Turner
et al., 2006). Later, McKee and Cherry (2009) showed that Hurricane Katrina also added 3–8 cm of sediment
along the border of northeast Lake Pontchartrain (Louisiana) shore and at the mouth of the Pearl River in Mis-
sissippi. By way of comparison, the maximum hurricane‐related deposition due to storm surge waters measured
to date on East Coast marshes was an order of magnitude lower (0.3–0.8 cm at Cedar Island, North Carolina (NC);
Cahoon, 2003). Importantly, it has been shown that the addition of new sediment to the marsh platform provides a
nutrient‐rich layer of soil that can boost overall post‐storm primary production (Baustian & Mendelssohn, 2015)
by allowing root expansion (McKee & Cherry, 2009) and improving soil properties (i.e., increasing Redox po-
tential, reduce sulfide in porewaters, delivering bio‐limiting nutrients such as phosphorus; Baustian & Men-
delssohn, 2018). The increase in belowground root and rhizome density can boost elevation and reduce the
erodibility of the marsh (Cherry et al., 2009; Feagin et al., 2009; Howes et al., 2010; J. T. Morris et al., 2002;
Nyman et al., 1993; R. Turner et al., 2002).

While hurricane sedimentation studies (using surface elevation table‐marker horizon method) along the New
Jersey and New York coasts after Hurricane Sandy showed wide variability of elevation gain and loss with no net
trend (e.g., Yeates et al., 2020), other studies have also proven that storm‐driven sedimentation can boost ac-
cretion rates (e.g., J. T. Morris et al., 2020; Nyman et al., 1995; Roman et al., 1997). Recent work along the U.S.
Southeast (Georgia Bight) indicates that vertical accretion can be strongly enhanced at marsh edges abutting open
water and tidal inlets (Hein et al., 2024). Using 210Pb and 137Cs profiles from 16 sediment cores collected near
platform margins behind four barrier‐island systems, Hein et al. (2024) reported that most edge sites accrete faster
than contemporary relative SLR, with the highest rates occurring adjacent to large bays and inlets. They inter-
preted this spatial pattern as evidence that episodic substantive inputs of allochthonous mineral sediment can
locally increase marsh resilience at exposed edges, while more protected interior marshes receiving less sediment
may remain closer to a drowning threshold. Importantly for interpreting these elevated accretion rates, Hein et al.
also noted near‐surface mineral‐dominated event layers at several rapidly accreting sites, consistent with storm‐
driven sediment delivery. Apart from beneficial sedimentation, storms may also cause negative impacts to
backbarrier marshes (Howes et al., 2010; Morton & Barras, 2011). For example, heightened waves during storms
can increase the rate of marsh edge erosion (Bendoni et al., 2014, 2019; Bloemendaal et al., 2021; Feagin
et al., 2009; Leonardi & Fagherazzi, 2015; Marani et al., 2011) as well as scour and remove portions of the marsh
surface (Howes et al., 2010). The aftermath of storms has also been linked to shrinkage, compaction, and sub-
sidence of soil (e.g., Cahoon, 2006), and overall degradation of the marsh (FitzGerald & Hughes, 2019; Howes
et al., 2010; Morton & Barras, 2011). However, investigators have also shown that material eroded from marsh
edges during storms may be delivered back onto the marsh platform (Cahoon, 2006; Hopkinson et al., 2018),
thereby aiding vertical accretion and reducing the vulnerability to SLR (Kirwan et al., 2016) and boosting primary
production and organic deposition (Baustian & Mendelssohn, 2015).

Although research on hurricane impacts on Atlantic coast marshes increased after Hurricane Sandy (2012)
(e.g., Brandon et al., 2014; Elsey‐Quirk, 2016), most work over the past decades has focused on the U.S. Gulf
Coast, primarily in Louisiana, while salt marshes along the U.S. The East Coast has received comparatively less
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attention (e.g., Cahoon, 2003; Gardner et al., 1991). Moreover, although the post‐storm monitoring in Louisiana
has yielded important models for hurricane sedimentation, the transferability of this knowledge is not well‐
established nor confirmed. Gulf Coast wetlands occur in microtidal, low‐energy settings fronted by broad,
shallow‐water bays and often experience diurnal tides. During storms, large waves easily suspend bay muds and
surge waters carry the sediment onshore, depositing it on landward marshes (Georgiou, FitzGerald, Sakib,
et al., 2024; Liu et al., 2018). Conversely, expansive Atlantic Coast marshes occur in mostly mixed‐energy
settings (sensu: M. Hayes, 1979) protected by continuous barrier island chains, which serve to reduce the ef-
fects of storm wave energy by limiting fetch. Much of the backbarrier in these systems is dominated by sand and
coarse silt. Because of these differing geomorphologic and sedimentologic settings, hurricane marsh processes
characteristic of the Gulf Coast are not directly comparable.

As a consequence of climate change, increased sea surface temperatures and a warmer Gulf Stream (Woollings
et al., 2010) are expected to cause a 40% increase in tropical storms tracking toward Atlantic North America
(Balaguru et al., 2023; Mann & Emanuel, 2006). These storms are also expected to be stronger in intensity and
frequency (e.g., Bengtsson et al., 2007; Emanuel, 2013; Kossin et al., 2020; Ting et al., 2019) and to travel with
reduced forward speed (Gori et al., 2022; Kossin, 2018). Slower‐moving storms will produce higher storm surges
that will travel further inland and inundate marsh platforms for longer periods. Thus, knowledge of hurricane
effects on Atlantic Seaboard marshes is needed to prepare coastal managers and communities for their predicted
impact (e.g., Bengtsson et al., 2007; Emanuel, 2013; Kossin et al., 2020; Ting et al., 2019).

Here, we take advantage of the widespread impact of Hurricane Irma to study the effects of a major storm on
marsh sedimentation along the southeastern US. In this paper, we identify spatial trends in the thickness and
distribution of marsh storm deposits associated with Hurricane Irma covering a 400‐km length of coast from
northern Florida to central South Carolina (Figure 1). Our study combines numerical simulations of the hurri-
cane's winds, wave energy, and tidal elevations with extensive field studies, including collection of sediment
cores 10± 1 m from the marsh edge, and laboratory work dedicated to determining the geotechnical properties of
the hurricane‐deposited layer. Lastly, it explains the exceptionally high accretion rates determined by Hein
et al. (2024) at the same marshes through boosted deposition associated with Hurricane Irma. This research
provides a large, regional, but high‐resolution analysis of the magnitude and spatial variability of Hurricane Irma
sedimentation and offers a mechanism by which single events can contribute disproportionately to the multi‐
decadal accretion signal observed in edge settings.

2. Physical Setting
2.1. The Georgia Bight Coastal Plain

The Georgia Bight, located along the southern US Atlantic coastal plain, extends from Cape Hatteras (NC) to
Cape Canaveral (Florida [FL]) and contains a long chain of barrier islands separated by tidal inlets, which front
broad salt marshes and estuaries (M. O. Hayes, 1994). The central portion of the Bight is bordered by a shallow
continental shelf that influences both wave energy and tidal range (Nummedal, 1978), key factors in determining
the shape and length of barrier islands, as well as the size and spacing of tidal inlets (M. O. Hayes, 1994;
Nummedal, 1978). Our study area comprises four broad backbarrier marshes behind Cape Romain (SC), Hilton
Head Island (SC), Sapelo Island (GA), and Amelia Island (northern FL) (Figure 1). Cape Romain is a cuspate
foreland, while the others are beach‐ridge barriers, each ∼20 km in length with abutting tidal inlets 1–4 km in
width. The average deepwater wave height along this sector varies from 1.1 m off Cape Romain to 0.95 m at
Amelia Island (Table S2 in Supporting Information S1). Along the same coast, the tidal range increases from
1.6 m at Cape Romain to 2.3 m at Hilton Head and Sapelo Island, reducing to 1.5 m at Amelia Island (Table S2 in
Supporting Information S1).

2.2. Storm Conditions

Hurricane Irma made landfall on 10 September 2017 in the lower Florida Keys as a Category 4 storm (Figure 1),
with sustained wind speeds of up to 60 m/s. While traveling northward across Florida, Irma lost strength and
became a Category 3 hurricane, with sustained winds of up to 51.5 m/s. Early on 11 September, Hurricane Irma
moved across the Florida Panhandle, and winds gradually diminished to 26 m/s, with gusts reaching 38.5 m/s. The
hurricane moved toward Alabama, weakening while traveling northwest into the continental US until it dissipated
on 13 September over southeastern Missouri. Although Hurricane Irma traveled along the western coast of
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Florida, a swath of hurricane‐force winds extended eastward to 665 km (360
nautical miles) from the center of the storm (Figure 1). The large size of Irma
created strong onshore winds along the length of the Georgia Bight, causing
high storm surges from Florida to South Carolina (Cangialosi et al., 2018).

The strong winds also produced storm surges lasting several days (Figure S1
in Supporting Information S1). Water levels began to rise a few days before
the actual landfall, steadily increasing and peaking on 11 September. These
then promptly decreased (comparing observed to predicted water levels,
Figure S1 Supporting Information S1) in the hours following the passage of
the hurricane. By 12 September, the storm surge had been completely
attenuated. On average, the Irma storm surge varied across barrier islands:
water levels above MLLW ranged from an average of 3.7 m at Hilton Head,
with heights of 3.4 and 3.1 m at Sapelo Island and Amelia Island, to a low of
2.8 m at Cape Romain, the most northerly site (Table S2 in Supporting
Information S1).

3. Methods
3.1. Field Data Collection and Core Sampling

Field data were collected in December 2017, three months after the passage of
Hurricane Irma, and before the beginning of the growing season. The pres-
ence of an undisturbed storm layer and the absence of bioturbation were
confirmed prior to data collection via a small trench dug proximal to the target
coring sites (Figure 2). Although visibly bioturbated sites were avoided
during sampling, two cores contained deep crab burrows, and, thus, the
secondary archival cores were used for the analyses.

Despite the 3‐month delay, the storm layer had only partially dewatered and
compacted in comparison to deeper and denser background marsh sediment
(See results section for bulk density as proxy to identify the hurricane layer).

A total of 37 stations were sampled across Cape Romain (10), Hilton Head
(9), Sapelo Island (8), and Amelia Island (10) (Figure 3). At each, pairs of
short (∼50 cm) cores were collected, with one later sampled and the other

preserved for archival. Cores were extracted using a Dutch Corer, transferred to a PVC casing, stored horizon-
tally, and kept refrigerated to maintain sediment stability and to prevent algal growth and root decomposition
(Mudroch & Bourbonniere, 1994; Tuit & Wait, 2020). Marsh surface elevation at the coring sites was measured
using RTK‐GPS (Topcon Hiper Lite II global positioning system with integrated real‐time kinematics) and
corrected using the National Oceanic and Atmospheric Administration Online Positioning User Service (OPUS).

Coring stations (taken 10 ± 1 m of marsh edge) were chosen at approximately equidistant points along two
backbarrier transects from the mainland to the barrier islands at each of the four barrier systems, all approximately
within 10 m from the edge. These naturally represent a wide range of orientations and fetches, allowing us to
examine the role of backbarrier configuration in sediment delivery. We included sites in channels that were
generally oriented WNW‐ESE (Figure 3), that is, with marsh edges open to the direction of winds and waves
generated by Hurricane Irma. Hence, sites may be located on the leeward (e.g., C9) and windward side (e.g., S6)
of channels, or on marsh edges fronted by a relatively uniform and flat intertidal zone and proximal to smaller
secondary channels (e.g., H4). Other sites are in more protected regions, such as those directly behind the emerged
bar of a tidal channel or behind an oyster reef. These much more sheltered sites exhibit a shorter fetch and likely
experienced lower wave energy. Finally, other sites (e.g., H1, S5, and A2) are located near major tidal inlets, and
are therefore less sheltered, have larger fetch, and experience higher wave energy.

3.2. Sample Extraction and Laboratory Analyses

Cores were cleaned to remove any oxidized surface layer along the split side of the core and to provide a fresh
non‐oxidized surface for extracting samples for analyses. They were then visually inspected for macroscopic

Figure 1. Map of the southeastern United States showing the wind swath and
intensity of Hurricane Irma, plotted alongside the locations of our study
sites. The intensity of Hurricane Irma decreased from Category 4 to tropical
storm while traveling across the Florida Panhandle. Amelia Island and
Sapelo Island were in the 50 knots radius, while Hilton Head and Cape
Romain are located within the 34‐knot radius. Data from the 2017 Atlantic
Hurricane Season (National Hurricane Center, 2018).
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features, including laminations, root density, and grain‐size trends, and assigned colors using the Munsell Soil
Color Chart (Munsell, 2000). The duplicate, archive cores were x‐rayed using a high‐frequency portable veter-
inarian X‐Ray generator (HF100+, MinXray brand), housed at the Virginia Institute of Marine Science. Ra-
diographs have been widely applied in the study of varves (e.g., Dallimore et al., 2005), paleotempestites in
coastal zones (e.g., Collins et al., 1999; Scott et al., 2003), and storm deposits in washover fans (e.g., Chaumillon
et al., 2017) as a non‐destructive tool able to highlight contrasts in density and composition, accentuating lam-
inations that might not be visible to the naked eye.

Each core was sliced into 1‐cm‐thick intervals: 10 consecutive slices covered the upper 10 cm, where the hur-
ricane deposit was most likely to occur, and additional 1 cm slices were taken at lower resolution at 11–12, 14–15,
19–20, 24–25, and 39–40 cm to characterize background sedimentation. When roots or plant parts were present,
they were severed in place using either scalpels or small scissors. A total of 15 samples were extracted from each
core. Aliquots were analyzed for bulk density and organic content. The latter was accomplished via loss on
ignition using standard techniques: 8 hr burn time at 550°C (see Heiri et al., 2001; Plater et al., 2015). Grain size
was measured from a second aliquot using a Beckman Coulter LS 13320 (Beckman Coulter GmbH, Krefeld,
Germany) laser diffraction particle size analyzer, equipped with an aqueous liquid module and a Polarization
Intensity Differential Scatter unit. Prior to analysis, organic matter was removed by applying 2–6 ml of hydrogen
peroxide (H2O2 at 30% concentration), followed by heating at 60°C for 12 hr, and finally treated with Calgon
solution to prevent flocculation. Grain‐size distributions were calculated using the Fraunhofer optical model (see
de Boer et al., 1987). Grain‐size classification followed Wentworth (1922), while statistical summaries were
calculated based on the Folk and Ward method (Folk, 1954). See Supporting Information S1 Methods for a more
comprehensive discussion on bulk density method quantification and uncertainties.

Figure 2. Identification of a non‐bioturbated hurricane deposit (∼2 cm thick) through exposure of pre‐storm marsh surface. The red arrow indicates a break in the
sedimentation. The homogeneous nature of the top 4 cm of the core (white arrow) supports the lack of sediment reworking post‐Hurricane Irma passage.
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3.3. Wave Dynamics

Hurricane Irma conditions were simulated by employing the ADvanced CIRCulation Model (ADCIRC; Luettich
et al., 1992; Westerink et al., 1994) coupled with the wave model Simulating WAves Nearshore (SWAN; Booij
et al., 1999). The wind re‐analysis hindcast fields were prepared for Hurricane Irma in 2017 using Oceanweather
Inc. as described in Contreras et al. (2023). Time series were extracted from the model at open‐water sites
(sounds, bays, channels) adjacent to the coring locations (Figure S2 in Supporting Information S1) including
surge height (relative to datum), inundation depth, and wave characteristics (significant wave height, wave period,
wave direction) every 20 min.

Because the bathymetry in the model is referenced to the North American Vertical Datum of 1988 (NAVD88), all
storm surge heights were reported in NAVD88 to ensure direct comparability with elevation measurements at
each of our sites and to accurately represent the inundation magnitude and duration. Wave directions from SWAN
are expressed in nautical convention (i.e., the direction where the wind or the waves come from, measured
clockwise from geographic North). Wave energy was calculated using linear wave theory using the equation
below:

E = (1/16) · ρ · g · Hs2

where: ρ is water density, equal to 1,025 kg/m3, g is gravitational acceleration, equal to 9.81 m/s2, and Hs is
significant wave height in m. The time series model output that was used in our study is available in an online
repository (Georgiou & Diaz Garcia, 2025).

Figure 3. (a) Large scale map showing the location of backbarrier marshes in this study. (b, c, d, e) Sampling site maps indicating core sampling stations (blue circles).
The core IDs are assigned based on location and progressively numbered across the two cross‐shore transects at each barrier, starting with the first seaward core of the
southernmost transect (e.g., C1 = Cape Romain, core no. 1).
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3.4. Statistical Analyses

We used single and multivariate iterative linear regressions to explore the relationship between Hurricane Irma
deposits and the physical factors affecting sedimentation. Wave energy is used as a proxy for potential suspended
sediment, sand abundance is represented by including a proximity to sand shoals and sandy substrates, and
duration of inundation is used to provide a measure of potential settling of the suspended sediment. Wave energy
was determined at open‐water sites adjacent to our coring locations, using hydrodynamic modeling output (from
Contreras et al., 2023).

Models were built according to correlation with the target dependent variable (thickness; see correlation matrix
Figure S3 in Supporting Information S1), starting with the highest correlation and adding further independent
variables based on improvement of the adjusted R2, the p‐value of the model, and associated p‐values.

In addition to linear regressions, we performed a Linear Discriminant Analysis (LDA). This statistical tool
maximizes the separation among groups while reducing the variation within each group. It is a technique that
highlights groups within a data set that share similar features by forming linear combinations based on selected
attributes. In this data set, we identify the type of sediment and its distribution across the transects, the range of
sediment thicknesses measured in the cores, and the overall storm conditions (here represented by deposit
thickness, wave energy, duration of inundation, and sand–mud ratio).

4. Results
4.1. Wave Simulations

Due to the high variability in fetch and exposure, wave energy varies greatly among the study sites, ranging from
50 J/m2 (Cape Romain C10) to 827 J/m2 (Sapelo Island, S7) (Figure 4). These data illustrate that, as the storm was
crossing the Florida Panhandle, high wave energy was approaching from the southeast and east‐southeast, and as
the storm traveled northward and inland, wind velocities and wave energies reduced in magnitude and became
more aligned with the trend of the coast.

4.2. Hurricane Irma Depositional Layer Thickness

We observed sediments interpreted to be associated with Hurricane Irma deposition at 32 out of 37 sites (Table 1).
This unit varied in thickness from 0.5 cm at Cape Romain station C4 to 8.0 cm at Sapelo Island station S6
(Figure 5). All sites at Amelia Island (10) and Sapelo Island (8) contained Irma deposits, and eight out of nine sites
had a hurricane layer at Hilton Head. However, at Cape Romain, a deposit was identified at only six out of 10
sites.

We found that the thickness of the hurricane deposit generally increased with proximity to the hurricane's track,
with Amelia Island and Sapelo Island having the highest averages (2.7 and 3.5 cm, respectively) versus Hilton
Head and Cape Romain (and 2.16 and 1.0 cm, respectively), the lowest (Figure 6a). The storm deposit, exhibiting
a maximum thickness of 8 cm at Sapelo Island, was documented by visual observations at the coring sites, high‐
resolution down‐core analyses, and radiographs, which helped to delineate the storm deposit from background
marsh sediment (e.g., Castagno et al., 2021; Goni et al., 2007).

4.3. Geotechnical Parameters of the Hurricane Irma Layer

The Hurricane Irma layer consists mostly of finely laminated silt and clay, matching field observations (Figure 2)
and previous descriptions by King et al. (2019). The horizontal laminae, resulting from variations in mineral
composition and density, can be detected both in radiographs and by the naked eye (Figure S6 in Supporting
Information S1). The storm layer tends to exhibit a dark color (Munsell: 2.5 Y 3/2), and lacks the rich organic
content (roots, plant parts, shells) that characterizes standard marsh sediment (i.e., the lower portion of the cores).
When exposed, the surface of the storm layer is often oxidized to yellow‐mustard‐beige hues, whereas the
background marsh sediment oxidizes to rust‐dark orange colors.

Most of the samples identified as belonging to the hurricane layer contain a higher percentage of mud compared to
sand (low sand‐to‐mud ratio, Table 1). However, sandier deposits occur at a subset of sites, consistent with
proximity to stronger hurricane forcing (e.g., wave energy, Figure 4) and/or to sandy sediment sources such as
tidal inlets and adjacent sand bodies (Figures S7 and S8 in Supporting Information S1).
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In general, across sites, the coarser fraction contains sand (up to 60%, from very coarse to very fine sand),
although in most samples, silt and clay dominate making up more than 60% of the deposit (Figures S9 and S10 in
Supporting Information S1). Overall trends in organic content and bulk density (Figures S11 and S12 in Sup-
porting Information S1) mimic the distribution shown by other authors for marsh sediments (e.g., Bloemendaal
et al., 2021; Grigal et al., 1989; Jeffrey, 1970; J. T. Morris et al., 2016).

4.4. Hurricane Layer Stratigraphy

Hurricane Irma deposits in our study area consist of variable proportions of mud (silt and clay) and sand,
comprising single or mixed layers (Figure 6c). The stratigraphy of individual deposits reflects the sediment source
and hydrodynamic energy. Larger percentages of sand were located at sites proximal to sandy channel bottoms
and tidal flats (e.g., H7), where sufficient wave energy and tidal currents suspended sand off the bottom and surge
waters transported it onto the marsh (e.g., de Groot et al., 2011). Muddier layers occurred predominantly in low‐
energy, protected sites where fetch‐limited waves acted upon largely muddy bottom sediments. Two such ex-
amples occur in the landward ends of the Amelia Island transects at sites A4 and A10 (89% and 93% mud,
respectively, Figure S9 in Supporting Information S1, Table 1). Sites with the highest sand content were found

Figure 4. Wave energy rises diagrams for Amelia Island, Sapelo Island, Hilton Head Island, and Cape Romain. Each compass vector shows the maximum wave energy
magnitude (colored legend) and direction for wave energy within our numerical simulations for Hurricane Irma. Each concentric circle shows the frequency of
occurrences in each wave‐energy bin (as a percentage of total measurements). See Figure S4 in Supporting Information S1 for cumulative wave energy for the period
10–12 September 2017.
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near the entrance to tidal inlets (Figure S13 in Supporting Information S1) such as Nassau Sound at Amelia Island
at sampling stations A2 and A3 (34% and 60%, respectively) and Five Fathom Creek Inlet at the western end of
Cape Romain (C1), where sand content reached 49% (Figure S9 in Supporting Information S1, Table 1).

Table 1
Physical and Hydrodynamic Characteristics of Hurricane‐Deposited Sediment Layers

Core
ID

Elevation [m]
NADV88

Distance to major
inlet [km]

Thickness
[cm]

Sand
content (%)

Mud
content (%)

Sand–mud
ratio

Duration
[hrs]

Wave energy
[J/m2]

A1 0.44 5.20 3.5 16.20 83.80 0.19 24.0 686.3

A2 0.38 5.10 2.5 34.70 65.30 0.53 23.0 812.6

A3 0.36 6.20 4 60.42 39.58 1.53 22.3 588.9

A4 0.53 8.60 2 10.90 89.10 0.12 23.7 336.6

A5 0.33 10.80 3.5 55.29 44.71 1.24 23.7 447.5

A6 − 0.26 3.32 1 36.38 63.62 0.57 23.7 334.2

A7 0.34 7.30 2.5 6.85 93.15 0.07 22.3 282.1

A8 0.24 9.50 3 9.79 90.21 0.11 10.7 143.5

A9 0.24 11.50 2.5 12.10 87.90 0.14 22.7 244.8

A10 0.43 14.40 2.5 7.00 93.00 0.08 21.7 201.8

C1 0.51 0.60 1 48.89 51.11 0.96 15.0 396.3

C2 0.54 2.40 3 43.18 56.82 0.76 9.0 156.0

C3 0.56 3.90 3.5 31.73 68.27 0.46 10.3 60.1

C4 0.27 6.30 0.5 17.15 82.85 0.21 13.0 134.8

C5 0.57 7.27 1 19.13 80.87 0.24 13.0 197.5

C6 0.37 3.70 1 23.87 76.13 0.31 13.0 281.1

C7 0.43 5.80 0 0 0 0 12.0 171.1

C8 0.17 7.70 0 0 0 0 13.0 193.6

C9 0.54 10.50 0 0 0 0 10.3 65.8

C10 0.44 12.00 0 0 0 0 12.3 50.8

H1 0.60 5.00 3 17.01 82.99 0.21 29.7 331.5

H2 0.54 6.01 2.5 47.34 52.66 0.90 26.0 347.0

H3 0.81 8.30 0 0 0 0 10.0 77.4

H4 0.64 10.70 1 10.78 89.22 0.12 11.7 79.2

H5 0.46 7.60 3 22.89 77.11 0.30 17.7 109.2

H6 0.82 8.40 4 54.19 45.81 1.18 6.7 194.1

H7 0.27 10.10 1 0.49 99.51 0.00 19.7 180.4

H8 0.41 11.30 2 19.39 80.61 0.24 18.3 159.9

H9 0.45 12.60 3 12.40 87.60 0.14 18.7 185.2

S1 0.83 5.05 3 14.86 85.14 0.17 9.0 329.4

S2 0.67 7.40 1 8.04 91.96 0.09 10.3 354.4

S3 0.57 9.54 1 6.82 93.18 0.07 10.7 256.9

S4 0.62 10.64 3 12.91 87.09 0.15 10.7 179.9

S5 0.69 7.95 6 38.43 61.57 0.62 34.7 710.2

S6 0.66 9.20 8 47.04 52.96 0.89 35.3 692.0

S7 0.84 11.50 3 45.08 54.92 0.82 32.7 827.2

S8 0.41 13.70 3 20.31 79.69 0.25 21.7 307.9

Note. Core IDs (denote sampling locations; reported metrics on the hurricane layer include deposit thickness, sand and mud content, and sand–mud ratio. Additionally,
duration of inundation and wave energy calculated for each sampling station are also reported.
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Hydrodynamic conditions varied during the Irma event, which partially explains the textural changes observed
within individual storm layers (e.g., Allen, 2000; de Groot et al., 2011). For example, wave energy and tide levels
gradually increased in the days prior to the hurricane passage. However, significant wave heights fell immediately
following peak water levels, frequently within a single tidal cycle. Thus, the interplay of relatively slow build‐up
in wave energy and water levels might explain the initial deposition of muddy sediment at the base of the storm
layer, followed by sandier strata, capped at the top by thin, muddier sediments (as recorded in core S5, Figure S14
in Supporting Information S1). These processes, along with hydrodynamics dictated by local wave fetches and
exposure, can explain why some storm sequences contain coarsening upward trends while others have fining
upward trends, or a combination of both (Figure S15 in Supporting Information S1).

4.5. Absence of Irma Sedimentation

Although Irma deposits were found ubiquitously in all backbarrier systems, four sampling stations at Cape
Romain and one at Hilton Head (out of 37) contained no identifiable hurricane layer. This absence might be
related to a single cause or combined effects, including the position of the site relative to prevailing winds, the
distance from open water (source of sediment), and the presence of sheltering features. For example, robust oyster
reefs are known to protect the underlying substrate from erosion and reduce wave energy along adjacent
shorelines (Chowdhury et al., 2019; Kitsikoudis et al., 2020; R. L. Morris et al., 2021; Ridge et al., 2015;

Figure 5. (a) Large scale map and (b–e) Hurricane Irma layer distribution and thickness as determined using multi‐proxy characteristics (see Figure S5 in Supporting
Information S1). Core locations are shown in circles, in which colors represent the thickness of the hurricane deposit. The core IDs are assigned based on location
(e.g., C= Cape Romain) and progressively numbered across the two cross‐shore transects at each barrier. The greatest thickness was measured at Sapelo Island stations
S6 and S5 (8 and 6.5 cm, respectively). Four cores on Cape Romain (C7, C8, C9, C10) and one core in Hilton Head (H3) did not have a storm deposit.
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Styles, 2015; Whitman & Reidenbach, 2012; Wright et al., 1990). Oyster reefs or piles fronting marshes were
noted in all four study areas, including those sites where a hurricane layer was identified, but their character and
extent were not measured. Their presence, however, would have limited the suspension and conveyance of
sediment onto nearby marsh platforms. Likewise, sites further onto the marsh platform and/or on the windward
side of channels received more protection during the storm compared to the leeward side and more exposed
locations, and thus, less potential sedimentation. For example, Cape Romain was located most distant from the
hurricane path and experienced the lowest wave energy compared to the other study areas (Figure 4; Table 1). The
four sites containing no observable hurricane deposits (C7, C8, C9, C10) were located along a narrow channel
(<200‐m wide) with limited fetches and were fronted by a long spit that reduced the attendant ocean wave energy.

4.6. Factors Affecting Deposition and Long‐Term Accretion Rates

To further investigate the relative importance of factors affecting the thickness of the hurricane deposits, we chose
to look at wave energy, duration of inundation, and sand–mud ratio of the layer by performing an iterative
multivariate regression using thickness as the dependent variable. Our regression shows that duration of inun-
dation exhibited the highest individual correlation (R2 = 0.33; p‐value = 0.0002; AIC = 132.32) (Figure 7) that
slightly improved to 0.48 (p‐value = 0.0005; AIC = 127.6) when the effects of wave energy and sand–mud ratio
were added (Table S3 in Supporting Information S1).We use the same variables to run a LDA; this too was unable
to provide clear separation among the sites (Figure S16 in Supporting Information S1). Lastly, we performed a
linear regression analysis between deposit thickness and reported long term accretion rates measured at the same
marshes as in this study by Hein et al. (2024) (using 210Pb dating, see Table S4 in Supporting Information S1 in
this paper for updated values, and Hein et al., 2024, for details about the methods). We find a strong linear

Figure 6. Boxplots (showing range, median, and mean) of the thickness of the layer deposited by Hurricane Irma (a), wave energy (b), sand–mud ratio (c), and duration
of inundation (d). Panel (a) shows the combined ranges in thickness of the Hurricane Irma layer atop saltmarshes in four backbarrier areas stretching from northern
Florida to central South Carolina. Note the general decrease in thickness from north to south, coincident with greater distance from the hurricane path. Panels (b and c)
show generally higher averaged wave energy (b) and higher sand in Amelia Island and Sapelo Island, also a higher sand–mud ratio (c) for the same location. The average
duration of inundation (d) has a negative correlation with the distance from the hurricane path. The overall higher averages in the southernmost sites compared to the
northern counterparts are consistent with the diminishing energy characterizing the more distal sites.
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relationship between deposit thickness and long‐term accretion (R2 = 0.56; p‐value = 0.0001; AIC = 70.25)
(Figure 7d, Table S5 in Supporting Information S1).

5. Discussions
Here we explore several aspects of the observed sedimentation event in terms of the general hydrodynamics
during Hurricane Irma, trends in the type and quantity of sediment that was deposited, and relationships between
physical conditions during the storm and thickness of the associated deposit. As our study is unique, in the sense
that it captures the effects of a major storm along a large section of the Atlantic Southeast coast, we further
compare our findings to the US Gulf Coast, where other sedimentation studies of large‐scale hurricane events
have been conducted. Finally, we discuss the impact of hurricanes with respect to salt marsh resilience under a
regime of climate change. We note that our results are based on cores collected at a distance of 10 ± 1 m from the
marsh edge and therefore interior portions of the marsh would likely have different sedimentation patterns
(Moskalski & Sommerfield, 2012).

5.1. Irma Hydrodynamics and Sedimentation Patterns

During fair weather conditions, channel networks represent a preferential pathway for tidal waters to inundate the
marsh, allowing very fine sediment to reach the platform (J. T. Morris et al., 2002). Conversely, during high‐

Figure 7. Linear regressions of Hurricane Irma deposit thickness [cm] sand–mud ratio (a), wave energy (b), and Duration of
inundation (c). All three predictors show statistically significant correlations, with increasing explanatory power from 29%
(a) to 33% (c). (d) Linear regression of multi‐decadal marsh accretion rates based on 210Pb dating (Table S1 in Supporting
Information S1 after Hein et al., 2024) and the thickness of deposits associated with the passage of Hurricane Irma (this
study) (see Tables S3 and S4 in Supporting Information S1 for details). At two sites that Hein identified (at 3.31 and
3.54 mm/yr), we found an absence of hurricane deposit.
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energy events such as Hurricane Irma, the storm signal overprints the tidal signature, flooding the marsh platform
for periods longer than the typical tidal hydroperiod. At the same time, open‐ocean waves, acting in conjunction
with locally generated wind waves in the backbarrier increase bed shear stresses, producing suspended sediment
in greater quantities (Georgiou, FitzGerald, Sakib, et al., 2024) and with a coarser texture. When a storm surge
peak coincides with high tide, sedimentation is linked to long periods of standing water and slow drainage, which
allows even fine particles (mud) to settle on the marsh surface. In assessing the extent of Hurricane Irma sedi-
mentation along the southeastern Atlantic seaboard, we found a general northerly decrease in both the number of
sampling stations containing Irma deposits and deposit thickness (Figures 5 and 6a). Consistent with this
interpretation, Irma's forcings declined from south to north (Figures 4 and 6b), corresponding to a decrease in the
average duration of storm‐driven marsh inundation (Figure 6d).

In contrast, we observed no distinct south‐to‐north trend in the sand–mud ratio of the hurricane layer, suggesting
that deposit texture reflects complex site‐specific factors (e.g., local bottom type and proximity to open water)
rather than the regional energy gradient alone. For example, a plot of sand content versus distance from inlet
(Figure S1 Supporting Information S1) shows higher sand percentages at windward sites, or at sites oriented
toward the predominant wind and wave direction, whereas sites on the leeward side of channels record greater
mud contents. Interestingly, some sites on the leeward side registered coarser grain size even when located at
greater distance from the inlet openings and where wave energies were lower. This would suggest a strong control
of sediment delivery pathways or local availability of mobile sediment rather than traditional distance from the
inlet. These factors may also help to explain differences between our study results and prior work. At Sapelo
Island, R. S. Smith et al. (2024) concluded that no significant sedimentation was linked to Hurricane Irma;
however, they based their findings on surface elevation table measurements rather than deposition, and many of
their stations were located away from marsh edges where storm sedimentation naturally tends to decrease
(Moskalski & Sommerfield, 2012). In contrast, our documentation of the Irma layer is based on timely post‐storm
field surveys combined with high‐resolution station‐specific down‐core proxies (see Methods and SI Methods).
We identified a discrete hurricane layer at 32 out of 37 sites (all located at comparable distances close to the marsh
edge) and were able to differentiate the storm layer from background marsh sediment, including at the Sapelo
Island GCE‐LTER. Field exposures of the muddy deposit at most coring sites indicate widespread blanketing
across the study area, even as deposit occurrence and thickness decrease northward. Accordingly, the lack of Irma
deposits at several of R. S. Smith et al. (2024) Sapelo Island sites may reflect the SET methodology, their greater
protection in areas farther from inlets, or lower concentrations of suspended sediment available for deposition (as
observed during Hurricane Sandy; Hu et al., 2018).

Our individual sampling transects spanned an extensive area ranging from 4 to 7 km from the landward side of the
barriers to the mainland. Within each of our backbarrier systems, we found no distinct cross‐shore pattern in the
sediment type or thickness of the hurricane layer. Moreover, our cross‐shore data exhibit a great deal of variability
as demonstrated by the Amelia Island transects, where thickness values (onshore) from east to west along the
southern transect are 3.5, 2.5, 4.0, 2.0, and 3.5 cm, and the adjacent northern transect are 1.0, 2.5, 3.0, 2.5, and
2.5 cm, respectively (Figure S17 in Supporting Information S1). It is well accepted that the thickness and
composition of sedimentary deposits are dependent on the source (van Rijn, 1984a, 1984b), energy of the flow,
and transport distance (see Reynolds, 2024 for discussion). The lack of cross‐shore grain size trends along our
transects is thought to be related to proximal changes in bottom sediment type as well as the size, geometry, and
orientation of open water, which collectively affect the wave energy and suspension of sediment at each site. The
absence of an overall trend also suggests that the sediment source must be local, albeit not necessarily closest to
each site, and/or that it is not coming from the same site or environment (such as the nearshore or sound).
Nonetheless, the presence of shoals is speculative due to the lack of sampling and direct observation. Therefore,
the higher measured sand content may be attributed to exposure to larger open‐water areas and greater energy to
suspend coarser sediment and/or a proximal sand source. Generally, thicker Irma layers were found on marshes
proximal to erodible sediment sources (see Schuerch et al., 2013 for discussion), such as channel bottoms (3 cm,
S8), bays (3 cm, S1), and shoals and tidal flats (2.5 cm, H2). Apart from nearby open‐water areas, sediment
comprising the hurricane layers could also have been derived through cannibalization of the marsh surface or the
marsh edge. The coastal ocean, adjacent estuaries, and/or nearby upland regions may have contributed some
sediment to the storm deposits; however, the lack of cross‐shore trends indicates that no system‐wide process
clearly overprints local variability. Finally, these findings suggest that the hurricane deposition results from
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complex interactions of tidal currents, waves, and pathways of sediment delivery, coupled with possible effects of
edge erosion, resuspension of marsh platform sediment, and localized morphological variabilities.

Results of iterative regressions show that neither the sand–mud ratio, wave energy, nor duration of inundation has
a strong relationship with hurricane layer thicknesses. Instead, the measured thickness values seem to reflect a
combination of factors, likely with non‐linear dependencies—for example, plant stem densities or canopy
height—and physical aspects of the substrate (i.e., grain size variability) and of the storm, including when the
highest shear stresses were imparted to the substrate with respect to tidal elevation and effects of tidal currents.
These findings, in combination with the lack of observed trends in cross‐shore thickness or sand–mud ratio of the
deposits, underscore the spatial heterogeneity and localized controls governing storm sedimentation in back-
barrier systems.

5.2. Comparison With Other Marshes Along the Atlantic and Gulf Coasts

Our study provides the first measurement of hurricane deposits covering a broad section of the US southern
Atlantic coast. Focusing on Hurricane Irma, it includes stations both proximal to storm landfall (Florida) and more
distal, which historically have been impacted by fewer hurricanes (Georgia and South Carolina; e.g., Muller &
Stone, 2001). Prior to this research, our knowledge of East Coast hurricane sedimentation came primarily from
studies of Cedar Island (NC) marsh by Cahoon (2003) and studies focusing on Hurricane Sandy (e.g., Brandon
et al., 2014; Cahoon et al., 2019; Elsey‐Quirk, 2016). During the mid to late 1990s, Cahoon (2003) monitored the
impacts of Hurricanes Emily (1993), Gordon (1994), and Dennis (1999) and found that these minor to moderate
storms flooded the Cedar Island marshes, producing 0.3–0.8 cm of sedimentation. In addition, several numerical
modeling studies have been performed to study processes associated with specific storms along the Atlantic
coasts (e.g., Virginia: Castagno et al., 2018; Zhu &Wiberg, 2022; New York: Hu et al., 2018), focused primarily
on sediment transport trends.

In contrast, there have been several large‐scale field investigations along the Louisiana coastal plain, looking at
sedimentation related to Hurricanes Rita and Katrina (e.g., Baustian & Mendelssohn, 2015; McKee & Cher-
ry, 2009; R. E. Turner et al., 2006) and Gustav and Ike (Tweel & Turner, 2012) as well as some smaller‐scale
investigations along a subset of the Gulf Coast, including Old Oyster Bayou and Bayou Chitigue, Louisiana
(Cahoon et al., 1995) and Waccasassa Bay, Florida (Goodbred & Hine, 1995). There have also been attempts to
relate individual frontal systems or seasonal stormy periods to event sedimentation (Cortese et al., 2024;
Reed, 1989; R. S. Smith et al., 2024). In addition, several numerical modeling studies have been performed to
analyze storm parameters for the US Gulf Coast (e.g., Georgiou, FitzGerald, & Hanegan, 2024; Liu et al., 2018).

Gulf Coast studies have demonstrated that hurricanes create sedimentary deposits covering expansive areas
ranging in thickness from 0 to 30 cm (average ∼5 cm) (R. E. Turner et al., 2006; Tweel & Turner, 2012). In-
vestigators have related the volumes of sediment moved and thickness of the resulting deposits to storm intensity,
storm track, speed, duration, and wave energy (Georgiou, FitzGerald, & Hanegan, 2024; Liu et al., 2018) (see
Table 2). Gulf Coast marshes and wetlands are fronted by shallow muddy open‐water bays (10–20 km in width),
and thus, during intense storms, ocean and local wind‐generated waves induce high near‐bed shear stresses and
significant quantities of suspended sediment (Georgiou, FitzGerald, & Hanegan, 2024; Liu et al., 2018). Large
storm surges accompanying these storms can extend far inland, carrying suspended sediment >50 km across
marsh and wetlands (R. E. Turner et al., 2006; Tweel & Turner, 2012).

The physical setting of the Gulf is substantively different from that of the southeast Atlantic seaboard, where
barrier‐island chains front broad backbarrier marsh platforms incised by channels and tidal creeks with small
attendant bays and tidal flats (M. O. Hayes, 1994). During storms, ocean waves are dampened as they propagate
through tidal inlets, and at many locations, suspension of bottom sediment occurs by shear stresses created by
local wind‐generated waves combined with ambient tidal currents. As a result, Gulf Coast hurricanes, which are
also typically larger in magnitude than those impacting the Georgia Bight, produce an average sediment thickness
(5 cm) that is more than double the average Irma deposit (2.3 cm, Table 2). Further, these deposits differ in
sediment texture because of differences in the source sediments. The large shallow bays situated seaward of
Louisiana marshes evolved largely from inter‐distributary bays, and thus contain primarily fine‐grained sediment
(Fisk & McFarlan, 1955; Frazier, 1967, 1974). Conversely, sand bodies floor much of the open‐water area inside
tidal inlets and extend far up tidal channels (M. O. Hayes, 1994; Howard & Frey, 1985). Considering these source
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differences, our finding that the sediment comprising Irma deposits contains much greater sand percentages than
those described along the muddy Gulf Coast is unsurprising.

In their study of storm deposits associated with Hurricanes Katrina (August. 2005), Rita (September 2005), and
Gustav (September 2008), Tweel and Turner (2012) observed that storm deposits generally thinning and fined in a
landward direction, which they related to dissipation in storm surge flow. In contrast, our results reveal no clear
cross‐shore trends across each of the backbarrier systems. We relate this to the differing physical conditions in
these barrier‐associated marshes, including the size of the open water source area, substrate variability, and
spatially variable wave energy. The lack of any cross‐shore trend compared to that recorded for Louisiana (Tweel
& Turner, 2012) can be explained by the different physical conditions, including the size of the open water area,
substrate variability, and spatially variable wave energy.

5.3. Role of Storm‐Sedimentation on Long‐Term Marsh Survival

While it is understood that storms are expected to increase in both frequency and intensity due to climate change
(Knutson et al., 2015; Kossin et al., 2020), it is less well known how these changes will impact marsh vertical
accretion and their resilience in the face of climate change and SLR. Modeling studies have found that stronger
(e.g., Georgiou, FitzGerald, Sakib, et al., 2024; Pannozzo et al., 2021) and more frequent storms are expected to
benefit marshes (Schuerch et al., 2013), and that even recurring moderate storms (Cortese et al., 2024) will
enhance delivery of new sediment to the marsh (J. E. Smith et al., 2015). Still, studies of hurricane sedimentation
along the Gulf Coast (e.g., McKee & Cherry, 2009; R. E. Turner et al., 2006; Tweel & Turner, 2012), this study of
Irma deposits along the Georgia Bight, and a study of intense winter storms in New England (FitzGerald
et al., 2020) all demonstrate that marshes can strongly benefit from sedimentation during extremely high energy

Table 2
Measurements of Hurricane‐Deposit Thicknesses From Salt Marshes Within the US Gulf and Atlantic Coasts

Location Hurricane, year Wetland type Sediment thickness [cm] (* Modeled) Reference

East Coast

Cedar Island, NC Emily 1993 Juncus 0.3–0.4 Cahoon (2003)

Cedar Island, NC Gordon 1994 Juncus 0.3–0.4 Cahoon et al. (1998)

Ochlockonee, Bald Pt, FL Erin 1995 Juncus 0.5 Hendrickson (1997)

Cedar Island, NC Dennis 1999 Juncus 0.8 Cahoon (2003)

Jamaica Bay Estuary, NY Sandy 2012 Spartina, Distichlis, Juncus 1.5 * Hu et al. (2018)

Barnegat Bay‐Little Egg Harbor, NJ Sandy 2012 0–1.4 * Defne et al. (2019)

Amelia Island, FL Irma 2017 Spartina 2.7 This study

Sapelo Island, GA Irma 2017 Spartina 3.5 This study

Hilton Head, SC Irma 2017 Spartina 2.16 This study

Cape Romain, SC Irma 2017 Spartina 1 This study

Gulf Coast

Old Oyster Bayou, LA Andrew 1992 Spartina 2 Cahoon et al. (1995)

Bayou Chitigue, LA Andrew 1992 Spartina 2.8 Cahoon et al. (1995)

Coastal Louisiana Katrina and Rita 2005 Spartina 5.1 R. E. Turner et al. (2006)

Big Branch, LA Katrina 2005 Spartina 0.1–4.5 McKee and Cherry (2009)

Pearl River, MS Katrina 2005 Spartina 3.7–12.7 McKee and Cherry (2009)

Coastal Louisiana Gustav 2008 Spartina 2 Tweel and Turner (2012)

Coastal Louisiana Gustav and Ike 2008 Spartina Germinans 0.6–5.6 McKee et al. (2020)

Grand Bay Estuary, MS‐AL Nate 2017 Juncu Spartina 0.1–0.4 K. E. Smith et al. (2021)

Note.Marsh type is identified according to the dominant species, which, in general can be used as a measure of elevation to mean high water and rate of inundation as
discussed in Mitsch and Gosselink (2015).
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events as a single large storm can deliver conspicuous volumes of mineral sediment (up to 10 cm in depth) to the
marsh platform.

At the same marshes as in this study, Hein et al. (2024) reported multi‐decadal accretion rates (using 210Pb
dating, see Table S4 in Supporting Information S1), ranging from 1.66 to >10 mm/yr (average = 5.37 mm/
yr). These rates were retrieved from cores collected adjacent to our storm deposit samples, along the pe-
riphery of marsh platforms, but inboard of any existing levees. Comparison with other regional measurements
of accretion demonstrated that these marsh edges accrete at far higher rates than adjoining marsh interiors
(Hein et al., 2024). Comparison of these accretion rates with storm deposit thickness from the same locations
reveals that an individual storm event can supply a sediment layer equivalent to about 3–4 years of pre‐
compaction accretion. A comparison of our event‐related deposit thickness to the long‐term accretion rates
at the same sites also highlights how, even though this approximation does not account for further dewatering
and compaction of the deposit or the addition of new biomass volume, it still indicates a considerable boost in
elevation. Those stations demonstrating both fastest long‐term accretion and greatest Irma deposit thickness
are situated at highly exposed locations near tidal inlets or bays with substantial fetch. Thus, our findings are
aligned with those from Hein et al. (2024) and build upon them, suggesting that vertical marsh resilience in
these backbarrier settings stems in part from the delivery of sediment during high‐energy events, a process
aided by exposure to high wind and wave energy.

6. Conclusions
Analysis of 37 post‐Hurricane Irma (2017) marsh cores obtained behind four barriers stretching from northern
Florida to central South Carolina demonstrates that hurricanes can deliver significant mineral sediment during a
single event, which can help marshes combat submergence. Irma deposits were found in 32 of 37 locations,
decreasing in thickness and extent with distance from the storm's pathway, from a high of 8.0 cm at Sapelo Island
to a low of 0 cm at some sites in Cape Romain and Hilton Head. This trend coincided with an overall decrease in
wind velocities and wave energy from south to north, as indicated by modeling storm hydrodynamics. Unlike
trends found during hurricane sedimentation studies in the Gulf Coast, our results lacked cross‐shore trends in
thickness or sand–mud content, suggesting that sediment transport onto the marsh surface is a function of site‐
specific tidal and wave‐induced bottom shear stresses and substrate type. Several stations proximal to tidal in-
lets exhibited higher sand content, suggesting that ocean waves propagating into channels can enhance sediment
entrainment and transport. Simultaneously, sites near tidal inlets or bays with greater wind and wave fetch show
both the fastest accretion and thickest storm deposits, underscoring the role of high‐energy sediment delivery in
marsh resilience. Although the iterative multivariate regression analysis revealed only a weak relationship be-
tween thickness and wave energy, sand–mud ratio, and duration of storm inundation, we found a strong positive
correlation between storm‐deposit thickness and long‐term accretion, indicating that high‐energy events are a key
driver of vertical marsh growth. Additional work is needed to evaluate hurricane‐driven sedimentation across the
interior marsh platform (e.g., Baustian & Mendelssohn, 2015; Tweel & Turner, 2012). Nonetheless, our findings
have implications for how backbarrier systems with small internal open water bodies undergo hurricane sedi-
mentation, implying that locally suspended material is important to marsh edge accretion.
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