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ROFI

Region of freshwater influence (ROFI) is a zone
between sea exposure and estuary where local §&
freshwaterbouyancyfrom coastal resource is equal,
or exceed$ouyancyof seawater, which has
important implications for the structure and dynam
of the water column.

Freshwater input from estuaries that are mixed wit
suspended materials will give several impact to se
environments.

Runroff input maintain highly nutritive
concentration in ROFI zones which induces bloom
phytoplankton.

Combination between tides and river buoyancy
produces sea organism groups, amdly
dispersive water current affects to sea creatures
dynamics
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WHY TO STUDY ROFI?

The study of the ROMRegionof Freshwater
Influence allows us to understand the integral
state of the river because it reflects the
balance of processes occurring in a drainage
basin.

submarine canyon Environmental perturbations

turbidity curren traslope basi Sea |9Ve|
: : . Runoff
reworking by contour currents A .
- Tectonics
' -levee system Cllmate
submarine fan Human settlement
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Datos Generales
Area Total: ~257500 Km2

Longitud Cauce Mayor: ~1700 Km
Inicio: Laguna de La Magdalena, Cauca
Fin: Bocas de Ceniza, Atlantico
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*Cuencas que desembocan en la Gran Cuenca del Magdalena

The Magdalena&iverBasin

The Magdalena River dissects Colombia from south to north
running between the Central and Eastern Andes Mountain.

The drainage basin area measures 257,448 kovering 24 % of

the national territory.
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due to its economic and environmental value:

Hosts more than 30 million inhabitants, around 80% of the
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It also provides drinking water for 38 million people.
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The Magd

alendRiver
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MagdalenaRiverROFF Salinity
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MagdalenaRiverROFF Temperature
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A strong influence of cold wate(s25 C)moving westward from the Guajira Peninsula was observed along th

littoral zone in months DJF.
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MagdalenaRiverROFI vs. Guajitdpwelling System
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Sediment Load (S, tday™ )

MagdalenaRIiverSuspendededimentload
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largest in South America (Restrepo 2008). This sediment load estimate implies that
the river provides 89% of the total sediment flux into the Caribbean from the three

main Andean rivers of Colombia.
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Sediment transported as
suspended load is fine grained.

Causes the stream to appear
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Restrepo andKjerfve(2000) had pointed out that
the ENSO was able to explain up to 54%60(74)

of the interannual variability in suspended
sediment load (SSL) in the Magdalena River, witl
high SSL during La Nifia and low SSL during El
Nifo.




suspended by turbulence

Silt and clay

-~ &/Af o

. sand moving /~, —0

. by saltatlon- ;

Transportingsediments

SuspensionFine material such as clay and sedimet
macey | Suspenceaioad  transported within the stream flow but not dissolvec

Traction large boulders and pebbles transported

Bed load rolling and sliding along stream bed

Saltation Small stones, pebble and silt transported

Generally, the bedload transport rate of a stream is
about 525% of that of suspension load

Streamflow slows down

as it enters deep water

bouncing along stream bed

The steeper the river thalweg, the larger the particles that will be
transported

The stronger the current, the larger the particles that will be
transported

The stronger the current, the farther the particles will be "

transported




MagdalenaRiverROFK Sedimentplume
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La pluma sélida se extiende a distancias maximas de 6,5 km, con
extensiones en mayo y septiemboetubre
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Sedimenttransport offshore Magdalenaiver mouth
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Seasonal simulations with SedimentDrift®. Seafloor bathymetry from GEBCO-2019 (isodepths at
200 and 500 m).




Trajectoryof releasedparticles
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Frompevstforaies etel (2020 Very fine sandstake between 12 and 22
hours to settle to the bottom (reaching
depthsof up to 400m).
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South

Buildingthe modern Magdalenadeep-sea fan
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Buildingthe modern Magdalenaupper fan
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Clearriver connection

The development and evolution of
this canyon system has been
controlled by the presence of
structural highs related to the
Southern Caribbean Deformed Belt
These positive relief features reach
heights of ~1000 m above the
surrounding seafloor and act as
barriers that control both the path
of the canyons and the formation of
smallscale circular/elongated
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3 Structural ridges 6  Mass transport complexes % Levee rupture

Slide scar
——p Canyon thalweg

Levee-related slide scar

78°0'0'W 76°0'0"W 74°0'0°'W

FromldarragaGarcia et al. (2019)

Four NS to NNV®SE trending submarine canyons
associated with a narrow continental
shelf




An ancientMagdalenaupper fan?

7540'0"W

Unclearriver connection

Most channels typically evolve in
the zone of transition between the

continental slope. Channels start as
gullies, which merge downslope to
become channelevee systems.

Commonly, these channels are
partially destroyed by tongukke

starting near the edge of the shelf.

10°40'0"N

Mass transport deposits are filling
and eroding the tectonic relief,
smoothing slope topography

FromldarragaGarcia et al. (2019)

- Canyon-mouth lobe - Channel-Levee complex | 7 | Continental shelf — Channel thalweg -+ Ridge axis ® Levee remnant

2  Canyon - Intra-slope basin - Continental slope A Mud volcano
3 Structural ridges 6  Mass transport complexes % Levee rupture

— Gully Slide scar

——p Canyon thalweg

Levee-related slide scar

continental shelf and the toe of the |

MTCs, associated with mass failure .
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A series of channdévee complexes and
extensive mass transport complexes (MTC)
with a radial pattern originates at the slope
break




An ancientMagdalenaupper fan?
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The lengths and widths of MTCs exceed 150 km and 25 km, respectively, in the
continental rise. These highly erosive flows may have the ability to smooth and modify
the relief of the continental slope and bottom of the Colombia Basin and their deposits
cover areas that reach 1,540 Rand have been reported with sizes of up to 34,70G km
in the subsurface.
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Ancientvs. Modernupper fan

Folds are eroded
and covered by gravity flows

Depth (m)

L T VE =5X

FromNaranjeVesga et al. (2022)
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structural deformation, when in
reality the fold belt has been
degraded and buried

~1000-

-1000

74°30W

Structural deformation covered

by sediment progradationv e
Piggyback \ 2 \

Sub-basin 3
Anticline G m—— .
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Anticline
Deformation Front

Continental rise
with channels and
fan deposits

FromNaranjeVesga et al. (2022

High sediment input from the Magdalena

River enables filling of the piggyback
sub-basins between the anticlines, and the
progradation of sediments, thereby burying the
tectonic structures

The Magdalena
canyon has sectors
with prevalent
vertical aggradation
(~1000 m).

FromNaranjeVesga et al. (2022)




Modern Magdalena Deefsea Fan
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An area of ~ 237,000 Kmwhich puts it
among the World's largest submarine
fans.
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Magdalena Deepsea Farevolution

400000 600000 800000 1000000 1200000 SO1:. 1P1My to 11.62Ma (6.92 My)

The accumulated sediment volumes during
this time interval, lead to estimate a rate of
- 1.34 x 1&* Tons/My(~134MTongyear) or
49,697 kni/My

About the same sedimentary transport rate
of the Magdalena Rivet44 MTonly
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Magdalena Deepsea Farevolution
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Thearrival of the proto-MagdalenaRivercloseto its modernFanoccurred

in late Miocene- earlyPliocene times.

S02: 16 My to 5.01 Ma (6.5 My)

The accumulated sediment volumes during tr
time interval, lead to estimate a rate of 5.46 x
102 Tons/My(~55MTongyear) or 20,200
kmé/My

Third of the current sedimentation rate of the

Magdalena Rivefl144 MTonly)
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Magdalena Deepsea Farevolution
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Accumulatedafter the union of the Cauca and Magdalena rivers

hydrographic basins

S03:5.01 My t03.52 Ma (1.49 My)

Fan shape: less than 100 km wide, less than
200 km long, and NW direction of ejection

The accumulated sediment volumes during
this time interval, lead to estimate a rate of
1.55 x 1&* Tons/My(~155MTongyear) or
57,463 kni/My

Three times greater than the previous
sequence SO-55MTongyear)
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Magdalena Deepsea Farevolution
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Seismic data of the north of MSF suggests the presence of a giant (>3800I'kE more
than 100 km long and ~4200 m thick, named Barranquilla (Leslie and Mann, 2019)

S04:3.52 My to 2.70 My (0.82 My)

Fan shapean elongatedlobe shape more than
300 km wide and less than 200 km long,
arranged alonghe SCDB.

This sedimentary volume was accumulated a
rates of 1.74x18 Tons/My(~174Mtonsly) or
64,526 kni/My

Slight increase compared to previous SOS3,
exceeding currentate (144 MTon'y).
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Magdalena Deepsea Farevolution
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S052.70 to 2.36 M&0.34 My)

Fan shape: slight lobular elongated shape,
which decreases towards the GRa

This sedimentary volume accumulated at
rates of 2.95x18 Tons/My(~295
MTongyear) or 109,137 ki#fiMy.

Almost twice the estimated sedimentation
rates for the previous sequences, doubling
the current sedimentation rat€144 MTony).
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Magdalena Deepsea Farevolution

S06: 236 My to 2.21 My (0.1541y)

Fan shape: a slightly elongated lobe shape,
less than 100 km wide and about 200 km
long

This sedimentary volume accumulated at
rates of 8.03x18 Ton/My (~803MTongyear)
or 297,251 kri'My.

Maximum sedimentation ratesix times
greater than the current sedimentary rate

(144 MTony)
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