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In an era of global rising sea level, quantifying future shoreline behaviour is a key societal concern. The potential
for dramatic shoreline change via overstepping or barrier disintegration on barrier-lagoon coasts as a result of fu-
ture rapid sea level rise has been considered by various authors, but documented examples of barrier
overstepping generally involve either coarse grain sizes or early diagenesis as beachrock. Where overstepping
has been inferred, the overstepped barrier is seldom preserved. Using high resolution seismic data we describe
the mid-Holocene overstepping of a sandy coastal barrier system and subsequent geomorphological changes
that ultimately transformed it into a strandplain fronted by amuddy shoreface. This complete change in character
is interpreted in the context of rapid sea level rise (tentatively linked to the 8.2 ka event) duringwhich the former
sandy shoreface-barrier was overstepped and decoupled from the contemporary shoreline, leaving the latter
sand-starved. Upon overstepping, the wave-influenced shoreline was displaced rapidly to the landward margin
of the former lagoon. Preservation of the overstepped uncohesive sandy barrier is attributed to the relatively
wave-sheltered location, rapid sea level rise and rapid burial by shoreface sediments. This situation provides
an insight into the conditions under which overstepping occurs, and thereby, the future response of barrier-
lagoon systems to predicted rapid rates of future sea level rise.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The response of coastal barrier and backbarrier systems to future sea
level rise is an issue of widespread concern because of the global extent
of barrier shorelines (Stutz and Pilkey, 2011) and thewidespread devel-
opment on and around them (Nordstrom, 2004). Historical scale studies
of evolving barrier morphology point to several behavioural responses
to sea level rise, all of which are strongly mediated by local influences.
Typically three generalised responses are identified (Carter, 1988): ero-
sional (involving net loss of sediment offshore); rollover (involving
maintenance of barrier sediment volume during transgression) and
overstepping (stranding of barrier sediment on the continental shelf).
To these can be added partial or total barrier breakdown, as sediment
is sequestered in tidal deltas, leading to insufficient sediment volume
to sustain barriers and their consequent demise in a process termed
‘runaway barrier island transgression’ (Fitzgerald et al., 2006).

Overstepping or breakdown of a barrier during rising sea level is
likely to be associated with rapid rises in sea level such as those

associated with meltwater pulses (Green et al., 2014). Overstepping in-
volves near-instantaneous translation of the wave-influenced shoreline
from the former barrier to the former back-barrier shoreline, whichmay
be several kilometres distant. Such a future situation has been envisaged
for sediment-poor barriers on the US east coast, including the Outer
Banks (Riggs et al., 2011). Although barrier overstepping has been
modelled in several studies (e.g. Cowell and Thom, 1994; Storms et al.,
2002) it has been documented in only a few locations and has been at-
tributed to combinations of rapid sea level rise accompanied by partic-
ularly favourable circumstances. These include early cementation
(beachrock and aeolianite formation) (e.g. Gardner et al., 2005, 2007;
Green et al., 2013, 2014), or gravel and boulder barriers with long relax-
ation times (e.g. Forbes et al., 1991; Hartstein and Dickinson, 2000).
Rieu et al. (2005) identified an extensive system of tidal channels pre-
served on the North Sea seabed associated with a barrier several
kilometres seaward of the present coast. Although all but the deepest
inlet fill facies associated with the former barrier were eroded during
a subsequent rise in sea level, it was argued (p 409) that “this field ob-
servation corroborates recent modelling results suggesting that rapidly
rising sea level may create the conditions necessary for overstepping of
sandy barriers”. Subsequent work in the Rhine delta (Hijma et al., 2010)
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also pointed to a phase of barrier overstepping, but again, the former
barriers were eroded by subsequent wave ravinement. Overstepping
of two unconsolidated sand barriers identified by seismic profiling in
the northern Adriatic were attributed, respectively, to rapid sea level
rise during Meltwater Pulse (MWP) 1A, and a rapid increase in back-
barrier accommodation facilitated by a decrease in back-barrier gradi-
ent during a subsequent slower rate of sea level rise (Storms et al.,
2008). To our knowledge, this is the only account to date of
overstepping and in situ preservation of an unconsolidated sandy
barrier.

This paper describes the seismic stratigraphy of Tijucas Bay, south-
ern Brazil, and interprets its late Pleistocene and Holocene evolution
in relation to the adjacent strandplain sequence (Hein et al., 2016)
and Holocene sea level change. A key component of the interpretation
involves an overstepped sandy barrier. The conditions for barrier
overstepping and preservation are discussed in the context of sea level
change and environmental setting.

2. Regional setting

Tijucas Bay is a deep embayment on the Santa Catarina coast of
southern Brazil (Fig. 1). It is bounded by high granitic promontories
8.5 km apart. Ocean waves are bimodal (Araujo et al., 2003) with
wind waves from the east (T = 8 s; Hs = 1.25 m) and swell from the
south (T=12 s; Hs (summer)=1.25m;Hs (winter)=2m). Southerly
waves prevail in winter and autumn and waves from the NE dominate
in summer and spring. Tidal range averages 0.8 m and surges of up to

1moccur (Truccolo et al., 2006). The area is also influenced by tidal cur-
rents entering and exiting northern Florianópolis Bay and by fluvial dis-
charge from the Tijucas River (drainage area = 2420 km2; mean
discharge 40 m3 s−1) (Buynevich et al., 2005).

The contemporary coast within the Tijucas embayment comprises a
series of sand ridges and cheniers forming a strandplain (Hein et al.,
2016) through which the modern Tijucas River meanders. The
strandplain developed during a fall in sea level from the Mid Holocene
to present (Hein et al., 2016) (Fig. 2).

Santa Catarina andArvoredo Islands, togetherwithprominentmain-
land rock outcrops, shelter Tijucas Bay from oceanic waves, the energy
of which is further dissipated across the gentle (1:400) nearshore
slope (Klein andMenezes, 2001). Subaerial sandy beachridges continue
to be deposited during periods of high energy (Schettini and Klein,
1997), landward of a muddy beachface and shoreface, as a result of
wave winnowing of fine sediment. The contemporary seabed is charac-
terized by mud on the modern shoreface and muddy sand seaward of
the two enclosing headlands (Fig. 1).

Sea level in southern Brazil (Fig. 2) is poorly constrained before the
Mid Holocene. Available data indicate that it rose from a minimum of
−120m at the last glacial maximum (Corrêa, 1996), to amid-Holocene
highstand of approximately +3 m 5000 cal yr BP after which it fell to
the present level (Angulo and Lessa, 1997). Muchwork has been under-
taken on the highstand and subsequent sea levels, but there is a paucity
of earlier sea level data. Using a combination of geomorphic and sedi-
mentological approaches with chronological control derived from lag
gravels, Corrêa (1996) identified several potential periods of slow and
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Fig. 1. Localitymap of study area (A) showing Tijucas bay in relation to Santa Catarina Island and the adjacentNorth Bay. Note the tombolo at Bombinhas. (B) Position of cross-section (Fig.
3) derived from onshore cores (X-Y) and termination points of seismic reflection profiles (a–s). Satellite data from GoogleEarth™.
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