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MORPHODYNAMICS AND GEOLOGICAL LEGACY OF BERM
SCARPS ALONG NON-TIDAL (UKRAINE) AND MICROTIDAL
(THE BAHAMAS) COASTS

Berm scarps are erosional features characteristic of all coastal accumulation forms. Their
profiles range from steep to overhanging (y_,) and evolve through slope adjustment and
burial by swash and aeolian accretion. Examples from the mixed siliciclastic-bioclastic
beaches of the non-tidal Black Sea coast of Ukraine and the microtidal oolitic-bioclastic car-
bonate islands of the Bahama Archipelago demonstrate a wide range of scarp morphologies.
Truncations of berm strata and density lag at the scarp base accentuate their recognition in
the field and in geophysical (georadar) records. Although ephemeral as surface features, berm
scarps may act as nucleation sites for aeolian aggradation, thereby generating continuous
coast-parallel dune ridges. Accumulation of organic debris promotes colonization of incipi-
ent foredunes by plants and provides chronological control of erosional events. Therefore,
paleo-berm scarps serve as important geological indicators of past storm activity and aid in
constraining sea-level position.
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Introduction

Berm scarps are common erosional features along sedimentary coasts regardless
of lithology or tidal range. Whereas gravel beaches may have multiple berms and
scarps, sandy coastlines exhibit a single scarp within the berm (foreshore) region [2,
22,23, 27]. This steep erosional feature may have variable longshore extent and is
typically generated by wave erosion during storms, with subordinate mechanisms
that include increased wave activity during spring high tides and seiches, ice scour,
and tsunamis [12, 15, 22, 23, 27]. In contrast to dune scarps, these morphological
elements receive less attention in the literature largely due to their ephemeral nature
as surface features [3, 8, 20, 23]. However, unless they are eroded by subsequent
storms, berm scarps may be responsible for nucleation of foredune ridges and have
the potential to be preserved within coastal lithosomes. Therefore, understanding of
scarp formation and preservation, as well as their geological legacy, are important
first steps in assessing their paleoenvironmental value.

The aim of the study is the analysis of berm scarps, with emphasis on their mor-
phology, preservation potential, and recognition in the geological record. An ideal-
ized conceptual model of scarp profiles is presented, with differentiation between
designation of depositional and erosional elements.

Research subject — 1) recent erosional berm scarps and 2) buried paleo-scarps
along a mixed siliciclastic-bioclastic shoreline of the Black Sea (Fig. 1) and various
carbonate coastlines of the Bahamas (Fig. 2). The diversity of sediment composition
and hydrodynamic conditions is designed to highlight the similarity of underlying
mechanisms responsible for these erosional features.

Physical Setting

Recent berm scarps were investigated along the mixed siliciclastic-bioclastic
shoreline of the Odessa Coast region, Ukraine (the Black Sea — Fig. 1A) and the
ooid-dominated carbonate coasts of Little Exuma and Eleuthera Islands, Bahamas
(Fig. 2A). The northwest Black Sea coast is non-tidal, with fair-weather waves
dominating accumulation of berm/beachface successions. Intense storms produce
a variety of erosional features such as dune and berm scarps, as well as breaches
(prorvas) of thin barriers fronting coastal bays (limans) [6, 7, 21, 26]. Aeolian ac-
tion dominates the upper dry portion of the berm, producing both deflation lag (shell
fragments, heavy-mineral concentrations [2, 3, 5, 18]) and depositional features
(incipient coppice dunes, wind-ripple lamination and aeolian ramps extending onto
foredune ridges).

The Bahamian study sites are microtidal (mean tidal range ~0.3-0.5 m) and are
impacted by Atlantic hurricanes of variable strength [9, 10, 16, 17, 24]. Intense
storms that extend to the foredune result in a prominent dune scarp, whereas mod-
erate storm conditions or beach segments with wide berms typically exhibit berm
scarping. Well-developed berm scarps are formed by high-energy waves and are
exposed to subaerial conditions during intervening fairweather periods or low-tide
phases [8, 9, 19, 20].
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Fig. 1. A) Locations of study sites along the northwest coast of the Black Sea, Ukraine.

B) Vertical berm scarp (arrow) exposing a sequence of shell-rich and siliciclastic horizons, Delphin
Beach, Odessa. Note basal talus accumulations and patches of seaweed. C) Vertical to oversteepened
scarp with overhang and basal swash accumulation, Albatross Beach. D) Near-vertical scarp with
erosional re-entrants largely covered by swash accretion, with patches of heavy-mineral concentration
(HMC), Zatoka Beach.

Scientific Information and Methods of Researching

Field investigations of recent berm scarps were conducted during June 2012
(Ukraine), January 2013 (Little Exuma, Bahamas), and May 2013 (Eleuthera,
Bahamas). All scarps were identified, measured and photographed. Because it is often
impossible to recognize buried scarps in point-source sediment cores and trenches,
the identification and mapping of buried analogs (paleo-scarps) was conducted using
ground-penetrating radar (GPR or georadar). Georadar uses electromagnetic impulses
to provide rapid continuous imaging of the shallow subsurface [1, 2, 4, 11, 13, 14,
25]. The surveys were collected across the landward sections of selected study sites
with a digital MALA Geoscience system. A monostatic 800 MHz antenna provided
vertical resolution of 4-5-cm in unsaturated sand (signal velocity ~12cm/ns) within
the upper 1.5-2.0 m of the coastal lithosomes. Field data were post-processed using
the RadExplorer v1.41 software package and rendered as two-dimensional sections
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Fig. 2. A) Locations of study sites in the Bahamas. B) Oversteepened berm scarp (arrow) with extensive
collapse features smoothed out by the swash, Lighthouse Beach, Eleuthera. Note patches of seaweed
along the upper beachface. C) Vertical scarp exposing laminae of compact and semi-porous sand,
La Shante Beach, Little Exuma. D) Near-vertical scarp with a partially detached block (left) and
vegetation mats at the base, on the berm, and exposed along the scarp face (paleo-berm surface),
Moriah Harbor Cay, Little Exuma.

(2D radargrams). Due to the protected nature of some field areas or lithification of
carbonates, ground-truthing through trenching was limited, further emphasizing the
need for non-invasive visualization and mapping tools [8].

Results and Discussion

Recent scarps. In this study, the seaward slopes of erosional morphotypes (i.e.,
scarp faces) are designated by v, in order to contrast them with the gradients of depo-
sitional features commonly represented by b (positive b — beachface slope; negative
b — landward-dipping berm surface; Fig. 3). All slopes were measured relative to the
berm crest or scarp top (brink). Scarp faces range from 10-20 cm to >1 m in height
and exhibit a variety of morphologies from steep (y_,) to vertical (y, ), and over-
steepened (y_,,), with occasional overhangs (Figs. 1 and 2). Sub-horizontal and often
landward-dipping layers (b ;) can be seen outcropping along some scarp faces (Figs.
1B and 2C). Partial collapse due to swash undercutting results in listric-type faults,
grainflow, and scarp-base talus accumulations, which may resemble acolian ramps
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(Figs. 1B, 2D, and 3). Similar to partially healed dune scarps, the upper part of a
berm scarp may remain visible until subsequent slope decay or aeolian accumulation
mask but not remove its diagnostic erosional nature.
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Fig. 3. Idealized berm scarp morphotypes (thick dashed lines) relative to the original beach profile
(solid line; scale on both axes is arbitrary). Dotted lines represent depositional features of various origin
(talus, aeolian ramp) and sites of lag formation (HMC: heavy-mineral concentration) and debris
accumulation. Sediments deposited by aeolian ramp aggradation may completely cover the scarp and
proceed as incipient foredune deposits accumulating immediately landward of the brink or seaward
(atop buried wrackline). The long-dashed line represents the subsequent landward position in a net
erosional regime or a paleo-scarp (net progradation regime).

Along the Black Sea coast and other siliciclastic shorelines, heavy-mineral con-
centrations occur as a density lag along the scarp base immediately following the
storm event or result from subsequent swash action (Fig. 1D) and aeolian deflation
[3]. Flotsam and vegetation remains (seagrass macroalgae, driftwood) may produce
substantial accumulations along the scarp base. Heavy-mineral accumulations at Ba-
hamian sites are absent, but shell lag and abundant decaying vegetation were often
observed along scarp bases (Figs. 1B, 2B, 2D).

Paleo-scarps. Once formed, berm scarps may be: 1) eroded entirely (resulting
in dune scarps, overwash, or breaching); 2) translated landward, resulting in a new
berm scarp; 3) buried by swash and aeolian deposits, or 4) lithified. Because of these
varied morphological responses, it may be possible to identify and map paleo-scarps
using morphological analysis, trenching, or subsurface imaging techniques.

In high-resolution geophysical records, berm scarps are recognized as trunca-
tions of berm and upper beachface sequences (Fig. 4) [3, 5, 8]. The gradient of the
truncating reflection is typically in the 10-20° range, which is higher than beachface
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slopes (B._,,). In many instances, the bedding gradient landward and seaward of the
truncating reflection is substantially lower. Berm scarps were identified in seaward
sections of late Holocene beach/dune ridges at both sites. In siliciclastic settings,
heavy-mineral concentrations accentuate the scarp base, enhancing their visual rec-
ognition in trenches and GPR records (Fig. 4A). Such lithological anomalies may
have sufficiently high concentrations of accessory minerals to serve as economically

viable coastal placers.
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Fig. 4. Georadar images of paleo-berm scarps (frequerncy: §00 MHz; TwTt — two-way travel time in
nanoseconds). Note difference in scale between the two profiles. A) Prominent seaward-dipping steep
reflections (thick arrows) truncate older berm accretion horizons and are then overlain by subsequent
depositional sequences, Albatross beach-ridge plain, Ukraine (Black Sea is to the right; see Fig. 1A for
location). B) Truncated berm/beachface offlap sequence (large black arrow) is followed by wave-
swash deposition and aeolian accretion (dune ridge) that was likely initiated and promoted by the
scarp, Moriah Harbour Cay, Bahamas (See Fig. 2A for location).

As vertical or sub-vertical features (i.e., cross-shore sediment transport barri-
ers), berm scarps induce deposition by fairweather wave swash and onshore wind,
thereby serving as nucleation sites for incipient foredunes [8, 20]. This may explain
alongshore continuity of some beach/dune ridges on coastal strandplains in many
parts of the world [23]. Decaying organics (e.g., seagrass and shell fragments) at the
scarp base (Figs. 1B, 2D) serve as fertilizer for colonizing plants, promoting dune
stabilizaton. As materials suitable for radiocarbon dating, organic debris also provide
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general chronological control, complementing the optical chronology of overlying
sediments [3, 12, 14, 15].

The potential role of berm scarps as high-energy indicators highlights the need
for their utilization in paleotempestological research. In coastal accumulation forms
that are too wide or high to prevent overwash into backbarrier wetlands, these ero-
sional features may provide the only geological evidence of past storm impact [2,
3,7, 8, 14, 19]. Although they represent the minimum number of events due to the
potential for episodes of net erosion [3, 23], paleo-scarps act as mappable anomalies
in prograded depositional systems. In addition to serving as storm indicators, the
relatively limited vertical range of berm scarps can be utilized to constrain past sea-
level positions [19, 20, 23].

Conclusions

1. Berm scarps serve as important diagnostic indicators of erosion by moderate
storms that do not extend to the foredune.

2. Scarp morphology begins with y_, and decreases with subaerial exposure, un-
less reactivation maintains the steep gradient in a more landward position.

3. Functioning as accumulation barrier makes berm scarps potential regions of
nucleation of new beach/dune ridges. The cross-shore locus and alongshore continu-
ity of these features explains the repetitive nature of many beach/dune ridge com-
plexes (ridge sets). Organic matter associated with these features promotes coloniza-
tion by plants and provides datable materials.

4. Given freshwater or unsaturated conditions, georadar serves as an ideal tool for
identifying and mapping paleo-scarps, with prograded coastal complexes archiving a
long-term record (>1,000 years) of erosion.

5. The limited vertical range and alongshore continuity make berm scarps reliable
geoindicators of storms and can help to constrain past sea-level positions.
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Pesome

DpO3HMOHHBIE TUISDKEBBIC YCTYIBI B LEJIOM HEXapaKTEePHBI Ha KPYIHBIX OCPEeroBBIX aK-
KyMyISITHBHBIX opmax (Oapax, Kocax, Teppacax u Ap.). B momapmsromemM OONBITIHCTBE
CIIy4acB OHM BCTPEYAIOTCS HA TECYAHBIX IUIDKAX, MOCIEC OYSPEIHBIX CHIBHBIX BETPOBBIX
BOJIHCHUH, XapaKTePHU3YIOTCs KPYTBHIMHU TN JJaKe 00paTHO MaJaloluMy YKIOHaMH (> 90°).
[Non BiMsSHHMEM BBICYLIMBAHUS MOIBEPXAIOTCS OCHITAHUIO WM CIOJ3aHUIO Mecka K IOJ-
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HOXbI0. CTaHOBSATCA 3aXOPOHEHHBIMU IOJ] BIUSHUEM 30JI0BOTO 3aHECEHUs WM pa3pylle-
HUIO T0J1 BIMSTHUEM MTPUOOIHOTO 1oToKa. MccnenoBaus IISHKEBBIX YCTYIIOB BBITOIHSITHCH
Ha TNeCcYaHbIX KBapleBO-KapOOHATHBIX Oeperax HempuiMBHOrO YepHOro mMops B mpenenax
VYkpaunsl 1 Ha MajgonpuwiuBHbIX (< 0,3-0,5 M) mecuyaHO-0OMUTOBBIX IUISKAX HA OCTPOBAX
baramckoro apxumenara. Yka3zaHHble Oepera HeCyT Ha ce0e OmpenesIeHHOe pa3HooOpasue
IUISDKEBBIX YCTYOB. [loape3anue ciioeB OepMbl 1 HAKOTUICHHSI TEMHOLIBETHOTO NIJIMXA BJOJIb
MO/IHOXbSI YCTYIa MOTYT OBITh MHANKATOPaMU JIJIsl OOHApKEHHs reopHU3MIeCKUMHI METO/Ia-
MH (reopasapoM UM paano3oHaoM). HecMoTps Ha ux BecbMa KpaTKOBPEMEHHOE CYILECTBO-
BaHME Ha TOBEPXHOCTH, TUISDKEBBIE YCTYIBI MOTYT OBITh OYaramMu, XOTs ¥ HEOOJBIIOH, HO
BCE K€ aKKyMYJ/ISILIMM DOJIOBBIX HAHOCOB. TeM cambiM OHHM (DOPMHUPYIOT BAOJILOEpEroBbie
Ipsijibl B BeChbMa crielin(pUUECKUX MPUPOIHBIX yCIoBUsIX. Hakorienne opraHn4eckux ocTar-
KOB TTOPOKAAET KOJIOHHU3AIMIO PACTUTEIBHOCTH HAa AMOPHOHAIBHBIX ABAHAIOHAX M MOXET
BBICTYIaTh MaTepUasoM Jisi aOCOJIIOTHOTO JAaTHPOBAHUS TPOSIBICHUN BOJHO-3PO3HOHHBIX
npoueccoB. TakuM 00pa3oM ObIBAaET IIAHC ISl COXPAHEHUS TIeCUYaHbIX IUISKEBBIX YCTYIIOB.
CrnenoBaTenbHO, 3aXOPOHEHHBIE TUISKEBBIE YCTYINBI MOTYT OBITh Ba)KHBIMH IOKa3aTeNIsIMU
MPOIIEALICH IITOPMOBOM aKTUBHOCTH U TIOMOTAIOT ONPEAETHUTD (UM YTOUYHUTH) MTOJI0KEHUE
CPEIHETr0 YPOBHS MOPS B IPOIILIOM.

KiroueBble ci1oBa: aOpa3svoOHHBIHN yCTYII, TPYHKAIUS, IUTHX, Teopanap
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MOP®OANHAMIKA TA 'EOJIOI'TYHE 3HAYEHHSA EP93IﬂHHX
IVISI2KOBUX YCTYIIIB HA BE3IIPUIIVIMBHUX (YKPAIHA) TA
MIKPOITPUIIVIMBHUX (BATAMMU) BEPET'AX

Pesiome

Epo3iitHi msHpKOBI yCTYIH B HIJIOMY HE € XapaKTepUHIMHA Ha OEPETOBUX aKyMYISTHBHUX
(hopmax. Born OyBaroTh B JICBOBIiH OLTBIIOCTI BUMAIKIB Ha MMIAaHUX (HOPMAax, MAIOTh KPYTi
a60 HaBiTH HaBHUcarodi (>90) mepeciku i MiAIalOTHCSI OCUIIOBAM TIPOIIEcaM i TTOXOBAaHHIO

186



ISSN 2303-9914 Bicuuk OHY. Cep.: I'eorpadiuni Ta reonoriuni Hayku. 2014. T. 19, Bum. 2

y cTajii 3amiecky i eonoBoi akymyssmii. [Tpukiaan 31 3MilIaHUX KBapIeBO-KapOOHATHHX
IUISDKIB Oe3MpHILIMBHOrO YOpHOrO MOps B MeXax YKpaiHW 1 MIKpONPHUIUIMBHUX MilllaHO-
OOJIITOBHX TUISDKIB Ha OCTpOBax baramchkoro apximenary JA€MOHCTPYIOTH MEBHHUH CIIEKTD
MopdomeTpii yerymy. 3pi3 (TpyHKallis) mapis OepMu i HAKOIHMUCHHS IUTIXY OIS MiICXHIIKY
YCTYIy MOXYTh CHPHSITH X BHSIBICHHIO reodizuuHuMu (TeopagapHumu) metonamu. He-
3Ba)KAIOUU HA 1X HEJOBTUH MPOSB HA MOBEPXHI, IUIHKOBI YCTYITH MOXYTh BUCTYIIATH LICH-
TpaMH, X04a HEBEJIMKOTO, ajie HAKOIMYCHHS €0JIOBOT aKyMyJIslii, THM caMuM (hOPMYHOYH
Y3I0BKOEPEroBi TPsIIH B CYTO CHCIU(pIYHUX YMOBax. HakoMUYCHHS OpraHiuHUX 3aJIMIIKIB
CTIpHsi€ KOJIOHI3alii POCIMHHOCTI Ha eMOpIOHAJIILHUX aBaHIIOHAX i MOXKYTh BHUCTYIATH
MarepiajaoMm Ui aOCOJMFOTHOTO JaTyBaHHs €pO3iHHMX MpoleciB. TakuM YHHOM, MMOXOBaHi
IUISDKEB] YCTYIH MOXYTh OyTH Ba)KIIMBUMH [MOKa3HUKaMU MUHYJIO! INITOPMOBOI aKTUBHOCTI 1
JIONIOMAaratoTh B yTOYHEHHI ITOJIOKEHHS PIBHS MOPSL.

Karwuosi cioBa: abpasiiiHuii ycTyI, TpyHKaIlis, IUTiX, reopazap.
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