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Sentinel-2 images of Tidal effects close to Augystus Island: a new island appears in low-tide conditions — Westerm, Aust
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Summary of the presentation

Definition (geographical, geological) of a strait: why straits are important? ‘PR
Types of di straits (based on the observation of modern examples); E

Tidal Straits: Oceanographic, morphologic, bathymetric and sedimentological features;
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Criteria for recognising strait-fill successions in the rock record;
What do we do not know yet about straits?




STRAITS ARE FUNDAMENTAL ELEMENTS OF MODERN GEOGRAPHY, AS THEY ARE LOCI AND ENGINE OF NATURAL PROCESSES AND
PHENOMENA THAT TUNE AND SUSTAIN LIFE ON EARTH.

THEY ARE MORE ABUNDANT (AND RELEVANT) THAN PREVIOUSLY INFERRED!




The noun ‘strait’ derives from the Latin word strictus, meaning "to bind or draw tight", and it is commonly adopted for indicating a
narrow passage of water or a tricky marine setting (Takeoka, 1990).

In Geography or Oceanography, ‘strait’ identifies typically navigable waterways or shipping routes that connect two larger bodies of
water that generate a restricted hydraulic cross-section, with phenomena of local water-mass convergence and related, often
¥ outstanding, sea-surface roughness and turbulences (Defant, 1958; Pugh, 1987; Pratt, 1990).

Terms like ‘channel’, ‘pass’, ‘passage’, ‘sound’ or ‘gateway’ are often used interchangeably with strait, although they can be referred
to variable bathymetric settings or environmental conditions (e.g., Harrison et al., 1983).

Uno stretto e un braccio di acqua tra due terre che collega due bacini di acqua contigui.
(Treccani.it — Enciclopedie on line, Istituto dell'Enciclopedia Italiana)
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s A strait is a naturally formed, narrow, typically navigable waterway that connects two larger bodies of water. Most commonly it is a
channel of water that lies between two land masses. Some straits are not navigable, for example because they are too shallow, or
because of an unnavigable reef or archipelago (Geology Dictionary).

A strait is a narrow body of water that connects two larger bodies of water. It may be formed by a fracture in an isthmus, a narrow
body of land. Tectonic shifts can lead to straits like this (e.g., the Strait of Gibraltar, between the Mediterranean Sea and the Atlantic
Ocean.

A strait can also be formed by a body of water overflowing land that has subsided or has been eroded. The Bosporus, which links

the Black Sea and the Aegean Sea, was formed this way (National Geographic).
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https://www.sciencedirect.com/science/article/pii/027843439090040S
https://archive.org/details/ebbandflowthetid031325mbp/page/n7
https://eprints.soton.ac.uk/19157/
https://www.springer.com/br/book/9780792309055
http://www.nrcresearchpress.com/doi/abs/10.1139/f83-129

What tidal straits are? And why are they important?

They are:

1
p
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. influence the local oceanography, inducing climate and sedimentary changes in the adjoining basins;
. prolific fishing zones as current exchanges also promote fish migration of great diversity;

. advantageous and economically profitable shipping seaways linking marine areas separated by extensive landmasses;

modern analogous for subsurface many oil-productive areas of the world which are revealing significant reservoirs;

. Idealloci for production of renewable energy generated by turbines capable to produce power from the strong tidal flows;

. preferential zones for the installation of plumbing or wiring for technical uses (e.g., electricity/oil/gas cabling), although the

high mobility of sediment masses on the bottom of straits may often represent unstable substrates and an unwarrantable

setting;

. crucial in the history of sedimentary basins, as they may rapidly evolve into land passageways in case of sudden sea-level falls,

having a great potential impact in the spreading of terrestrial living species or, on the contrary, inducing water masses

separation and consequent marine biological diversifi GOAL:

. Important for many other reasons ... DEFINITION OF A DEPOSITIONAL MODEL BASED ON THE

COMPARISON OF ANCIENT TIDALLY-DOMINATED STRAIT-FILL

SUCCESSIONS AND MODERN TIDAL STRAITS
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Deflection of the progradational axis and asymmetry in tidal seaway
and strait deltas: insights from two outcrop case studies

SERGIO G. LONGHITANO'* & RON J. STEEL?
'Department of Sciences, University of Basilicata, Potenza, Italy
% Jackson School of Geosciences, University of Texas at Austin, Texas, USA

*Corresponding author (e-mail: sergio.longhitano @unibas.it)

Abstract: Deltas represent the major sediment source for tectonically confined, tide-dominated
seaways or straits. Modern examples show how along-shore tidal currents are able to modity the
impinging delta shape, generating asymmetrical coastal plains, deflected delta fronts and elongate
sandbanks. Seaway or strait deltas can become become tide-influenced or tide-dominated, assum-
ing physical attributes that may depart from classical models. Ancient deltas in seaways and straits

can alse revasl nnavnantad fariac sacking and crratioranhiae whisrh fanha micintarmeatad o gitrib-

uted to . . ongate
masinse Tidal seaways and straits as
1s the p n the
delta fa ies,

wherea 11dal seaways are elongate marine passageways, Bdeiw
i:gg?: thousands of kilometres wide, connecting two wider §This
these 1y basins. The dominant hydrodynamic force in tidal fon of
many I seaways results from tidal currents flowing parallel gins.
to strike. Tidal straits are narrower than seaways
WSS and are govemed by the convergence and amplifica-
tion of tidal currents as a result of narrowing of the
cross-sectional area of the water body (Pugh 1987).
Recent studies on ancient tidal strait-fill succes-
sions in southem lItaly have attempted to demon-
strate that a critical cross-sectional area is the
fundamental quantitative condition through which
a strait becomes dominated by the amplification of
a tidal flow (Longhitano er al. 2014). This condition,
favourable to the onset of a tidal circulation, can
be also matched during late transgressive stages,
as has occurred recently along many of the world’s
coastal systems at the end of the post-Last Glacial
Maximum relative sea-level rise (e.g. Longhitano

et al. 2016).
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* Tipi di stretti (in base a cio che oggi si osserva)

Framework for classifying and modeling straits based on the recognition of
an interplay between reversing tidal flow and some type of uni-directional
current. To create a 2D parameter space that captures the variability of

the general energy level: those with high energy are expected to
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strait sedimentation more comprehensively, the most important variable is IA S
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Types of straits (based on what we observe today)
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STRAITS DOMINATED by TIDAL CURRENTS
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 What tidal straits are? And why are they important?

Where straits connect wider adjacent basins, whose oceanography is governed by tidal phase opposition, such as the modern Messina
and Cook straits, the current hydrodynamics is time-dependent, responding to a tidal cyclicity. Tidal cycles exert a certain influence in
promoting water-mass transfers between the two interlinked basins and a variety of associate hydrodynamics processes (e.g.,
turbulences, compensational flows, vortexes, etc.) (e.g., Wang, 1989; Pratt, 1990; Dalrymple, 2010).

These particular settings are thought to be characterised by specific conditions for sediment transport and deposition, which generally
reflect a bedload dlvergence from a main by-pass zone, where erosion and non- dep05|t|on prevail, towards opposite zones of bedload




* Hydrodynamic model (symmetric vs. asymmetric tidal systems)

Cook Strait (New Zeala Gibraltar Strait (western Mediterranean)

) i

The tidal inversion that characterizes
many modern straits occurs through
a change in the direction of the tidal
currents. Alternations of high- wvs.
low-tide occurring at the same time
but in the opposite, interlinked basins
is the key-factor that moves large
masses of water (tidal prism) in one
direction and then in the opposite
direction. This repeated cycle
produces tidal currents with changing
velocity/energy.
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https://www.youtube.com/watch?v=Iyg34_WNIP4
https://www.youtube.com/watch?v=_OU84SrS9sE
https://blogs.princeton.edu/research/tag/oceanography/
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Vertical slice , Angus Creech (a.creech@ed.ac.uk)
(Main channel, streamwise) (c) 2019 University of Edinburgh
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http://www.correntidellostretto.it/

Messina Strait (central Mediterranean)
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https://www.nature.com/articles/srep36376#Sec7

Montenat et al., 1987, mod.
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HOW DOES THE TIDAL
HYDRODYNAMICS
OF THE MESSINA STRAIT IMPACT ON
SEDIMENTS AT THE BOTTOM ?
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 What is the sedimentary signature of tidal straits?

SEDIMENTARY BEDFORMS are typical features in strait bottoms. They may be tidal sand ridges, sandwaves, dunes and ripples, as result of the
bed shear stress exerted by reversal tidal currents interacting with waves and other sea-water perturbations.

TIDAL STRAITS produce sediment ‘bedload parting’, which
promotes the transport of bed material from the central
(erosional) part toward either sides of the strait after flow
expansion (Harris et al., 1995). Bedload parting depends on the
tidal phase dominance along the strait (e.g., the more
symmetrical the reversal currents, the more

volumetrically equivalent the depositional areas).
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https://www.usgs.gov/centers/pcmsc/science/california-seafloor-mapping-program?qt-science_center_objects=0#qt-science_center_objects

* Previous ‘embrional’ models and intuitions on tidal straits ...

Allen, 1970

DOWN TRANSPORT PATH ——>
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Belderson et al., 1982
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Models available for modern straits have been
intentionally neglected in favor of schemes, which refer
to broader shelf segments. Here, typical and distinctive
strait bedforms are attributed to the most proximal
portions of (tidally-modulated) contouritic systems
(e.g., Stow et al., 2013). This zone, here indicated as
‘gateway + channels’, perfectly matches what we have
observed in modern straits.

However, these bedform continuums are depth
independent. In other words, the hydrodynamic
amplification due to lateral constraining seems to be
the principal driving mechanism to shape mobile
bottoms into predictable bedforms.

Therefore, tidal straits do not have preferencial depth

intervals to develop.
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* Depositional Zone Partitioning in Modern Tidal straits

Detailed multi-beam images of modern tidal straits allow the identification of depositional zones, each characterized by common hydrodynamics, sediment
grain sizes, bedforms, and morpho-bathymetric features. |
These zones are: _ C
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Longhitano, 2013
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sector of a tidal strait, associated with bedload Strait
parting, tidal current maxima and sediment by-pass, 3D tidal

with erosion or net deposition close to zero due to
the highest bed shear stress;

(ii) the DUNE-BEDDED STRAIT ZONE (B): a widening cross-
sectional area, is the zone of maximum sediment
accumulation rate due to the initial deceleration of the
tidal currents (medium to very large 3D and 2D tidal
sand dunes associated with ripple-scale bedforms with a
reversed or transverse direction of migration);

(iii) the STRAIT-END ZONE (C): the distal part of a tidal
strait, commonly characterized by decelerating tidal

wave-worked
deposits (?)

mass-flow
currents and deposition of fines, due to the definitive (¢ -
: . deposits
enlargement of the strait cross-section; ﬁ‘
2D tidalg .
(iv) the STRAIT-MARGIN ZONE (D): the flanks of a dun " — Tyrrhenian
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TIDAL STRAIT: ZONE PARTITION

Modern tidal straits can be either symmetrical and asymmetrical. Examples of symmetrical systems are the Messina, San Francisco and Cook
straits, where the depositional zones are equally divided by the center; the Malacca Strait is asymmetrical (its southeastern side rapidly descends

TIDAL STRAIT DEPOSITIONAL ZONES
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PARTITION

ZONE

TIDAL STRAIT:

A symmetrical or asymmetrical configuration, which is mostly governed by the tectonic evolution of the seaway, is key in the reconstruction
of ancient tidal straits, because symmetrical or asymmetrical systems generate very different volumes and distributions of dune-bedded,
sand-prone deposits.
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Stratigraphic interval: Neogene-Quaternary
Areas: western Mediterranean basin
Settings: compressional, transtensional
Investigated thicknesses: 25 to 200 m

Main areas of outcrop investigations
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The strait-center zone
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TIDAL STRAIT DEPOSITIONAL ZONES

The Strait-Center Zone == _—
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e The Dune-Bedded Strait Zones

2D/3D TIDAL CROSS STRATA

Cross strata sets can be differentiated into trough and planar architectures, indicating sinuous- and straight-crested
bedforms (i.e., three- vs. two-dimensional) as they are believed to represent energetic transitional flow stages.
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* The Strait-Margin Zones

Barrier et al., 1987
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Two main stratigraphic surfaces:

a. erosional (i.e., scour and fill, some m deep, multiple scours, irregularly spaced)
b. depositional (i.e., tidal reworking, unidirectional foresets)
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Upstream migrating chutes that end downstream in a series of unstable antidunes. These features indicate repeated hydraulic

jumps and surges suggesting chutes-and-pools structures.

The chutes seem to be associable with persistent stable
hydraulic jumps.
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SUMMARIZING ALL WE TODAY KNOW ABOUT THE SEDIMENTARY DYNAMIC OF TIDAL STRAITS ...
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* Concluding remarks

STRAITS (TIDAL AND NON-TIDAL) ARE INDIVIDUAL DEPOSITIONAL SYSTEMS STILL POORLY KNOWN.

ALTHOUGH WE KNOW EVEN MORE ON SUCH SYSTEMS, THEY STILL SUFFER OF A GENERAL ABSENCE OF UNIVERSALLY APPLICABLE
MODELS, NECESSARY TO INTERPRET MODERN AND ANCIENT EXAMPLES.

HOWEVER ...

- WE KNOW THEIR HYDRODYNAMICS AND TIDAL MOTION IN A QUITE ACCURATE WAY AND PROBABILISTIC NUMERICAL MODELS
SEEM TO WORK WELL.

- STRAIT BEDFORMS INDICATE CONTINUUM OF TYPES AND GEOMETRIES/SIZES, BUT THERE ARE STILL POORLY KNOWN
ELEMENTS, PORBABLY REFERABLE TO THE RECENT GEOLOGICAL HISTORIES OF OUR MODERN STRAITS.

- THE POTENTIAL OF THE STUDY OF ANCIENT ANALOGUES IS HUGE: STRAIT-FILL SUCCESSIONS MAY REVEAL, INDEED, PROCESSES
NOT OBSERVABLE AT HUMAN TIME-SCALE AND ALLOW INTEGRATING/IMPROVING KNOWLEDGE OF SUCH COMPLEX SYSTEMS.

Courtesy of

Silvia Messina

UNIBAS Erasmus student at Université de la Normandie,
Caen, France
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