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Seascape: submarine canyons in active margin
Shelf, shelf-indenting canyons, slope-confined canyons
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Submarine channels
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Ebro Delta

Columbretes Islands

Seascape: submarine
canyons in passive margin

« The Mediterranean Sea
e Prograding Ebro margin
 Dendritic channel networks
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Seascape: submarine channels
Technology, high resolution sonar bathymetry and in situ measurements
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Turbidity currents
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For long-term geomorphic actions,

Turbidity currents ~ saline currents ~ Field-scale sediment gravity flows
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Agenda

1. How do submarine canyons evolve?

2. What causes submarine channels braid?
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Part | - Submarine Canyon Evolution
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Experimental Design
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Experimental Set-up
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Watch underwater canyons take shape in real time
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Planform of the evolving submarine canyons
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Flow pattern of density currents on shelf and in canyons
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Oblique view of canyons
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Experimental observations
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Hillshaded Digital Elevation Models (DEMs)
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Canyon Long Profiles
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Self-similarity of canyon long profiles

Run 1
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Simple geometric relation

Canyon head: «a(1,—S,) Canyon toe: [(1,—S5;)
where a =1/(Sy —Sp) and B =1/(S, — Sp)
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Summary of Part |

e Reduced scale sandbox experiments combine unconfined sediment
gravity flows with a falling base level to produce evolving submarine
canyons

e Analysis of quantitative topographic imagery shows that the canyons
grow in a self-similar form

e Experimental canyon-intercanyon long profiles and planform drainage
networks resemble those observed on continental slopes

Wiley Online Library

@AGU PUBUCAT'ONS Journalsv Topicsv Books EOS+

Geophysical Research Letters N

Explore this journal
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Research Letter
An experimental approach to submarine canyon g
evolution s
Steven Y. ). Lai &4, Thomas P. Gerber, David Amblas
First published: 23 March 2016  Full publication history sl

28 March 2016
DOI: 10.1002/2015GL067376  View/save citatior Pages 2741-2747
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Book chapter

Amblas et al. (2018), Submarine canyons and gullies, in Submarine Geomorphology, pp.
251-272, Springer.

Springer Geology

Aaron Micallef
Sebastian Krastel
Alessandra Savini Editors

Submarine
Geomorphology
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Part Il — Submarine Braided Channels

What causes submarine channels braid?
How do submarine braided channels evolve?
Do submarine braided channels act similarly to rivers?
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Braided rivers

Steeper slope
High bed load
Relative unstable
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Orinoco turbidite system
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Are they braided?

True Braiding

- multi-thread depositional channels
- true braid bars occur due to flow
instabilities and are depositional

Apparent Braiding

- scoured, erosional channel networks
-bars nucleated by seafloor topography
(e.g., mud volcanoes, fluid seepage)
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Nankai Trough turbidite systems, offshore Japan

The reservoir architecture of methane hydrate (MH)
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Continuous
parallel facies -

3-D seismic profiles
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Fujii et al. (2008, 2009b) reported that the MH
reservoir is comprised of thin alternating sand and c Continuous ..a-"'r

mud layers with an average sandy layer thickness of g parallel faciss .
around 20 to 30 cm (the maximum thickness is
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Cambrian-Ordovician Turbidite System: Quebec

Feeder
Channel
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Experimental Set-up
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30

Video — Run A3

IViIk\\

MORF’HO HYDRAULICS



‘-










% National Cheng Kung University 34

A

Stage 3 (15 min) B Stage 5 (25 min)

Digital
Elevation
Models

Lai et al. (2017), GRL
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Depositional map (net aggradation)
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Cross sections
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How to quantify submarine braided channels

by braiding intensities (Bls)?
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Bla Blr
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Braiding intensities of submarine braided channels
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Dimensionless stream power

. (Pin — Pa)QS
W = 2
pinWsds

where p;, is inflow density (saline, p;, = 1200
kgm-3); p, is ambient density (water, p, =
1000 kgm-3); Qs inflow discharge; S is bed
slope; dg is median grain size diameter (ds =
0.34 mm); w, is sediment settling velocity
based on Ferguson and Church [2004]

Rgds*
Ws = 3105
C,v + (0.75C,Rgd;>)

Active braiding intensity, Bla

- Lai et al. (2017), GRL
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where R = (ps/pin — 1) is submerged relative density of sediment (R = 0.25 in this study); p; is
sediment density (plastic sand, p; = 1500 kgm-3); v is water kinematic viscosity (v = 10-° m2s-1);
C; = 18 and C, = 1 are constants for typical natural sands [Ferguson and Church, 2004].
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Summary of Part lI

Submarine braided channels on a submarine fan exhibit active

channels and non-active channels, similarly to rivers.

. Active and total braiding intensities of experimental submarine braided
channels are proportional to discharge and slope at steady state.

. Active braiding intensity of experimental submarine braided channels

scales linearly with dimensionless stream power.

@AGU PUBUCATIOHS Journals+ Topicsv Books EOS+

nature
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Research Letter

Stream power controls the braiding intensity of
submarine channels similarly to rivers

Steven Y. ). Lai B3, Samuel S. C. Hung, Brady Z. Foreman, Ajay B. Limaye,

Submarine channels and braiding
Brady Z. Foreman et al.

Braided channels are rare in submarine environments, ”
yet common in fluvial systems. Laboratory '
experiments suggest that the formation mechanisms
are the same, but submarine channels are typically not |

Jean-Louis Grimaud, Chris Paola

wide enough to promote braiding
Accepted manuscript online: 10 May 2017  Full publicatior Accepted, unedited articles
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Next step?
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Submarine canyon-fan system

How to make continental slope, canyons and fans grow together?

Continental shelf Submarine canyon

il
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Deep-sea fan
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New tank for submarine canyon-fan system .
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New tank for submarine braided channels
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Preliminary results of submarine braided channels
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. Quantitative comparison between
= o = 8 braided rivers and submarine
- channels
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