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ROFI

Region of freshwater influence (ROFI) is a zone 
between sea exposure and estuary where local 
freshwater bouyancyfrom coastal resource is equal, 
or exceeds bouyancyof seawater, which has 
important implications for the structure and dynamics 
of the water column. 

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

Run-off input maintain highly nutritive
concentration in ROFI zones which induces blooming 
phytoplankton. 

Combination between tides and river buoyancy 
produces sea organism groups, and higly
dispersive water current affects to sea creatures 
dynamics



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

FromTofeldeet al. (2020)

WHY TO STUDY ROFI?

Environmental perturbations:
Sea level
Runoff
Tectonics
Climate
Human settlement
Changes in land use  



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

The drainage basin area measures 257,440 km2, covering 24 % of 
the national territory. 

¢ƘŜ ŎŀǘŎƘƳŜƴǘ ŎƻƴǎǘƛǘǳǘŜǎ /ƻƭƻƳōƛŀΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǊŜƎƛƻƴ 
due to its economic and environmental value:

Hosts more than 30 million inhabitants, around 80% of the 
ŎƻǳƴǘǊȅΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ŀƴŘ ŀŎŎƻǳƴǘǎ ŦƻǊ ус҈ ƻŦ ǘƘŜ DǊƻǎǎ 
Domestic Product aƴŘ ƎŜƴŜǊŀǘŜǎ тр҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
agricultural production

/ǳǊǊŜƴǘƭȅ aŀƎŘŀƭŜƴŀ wƛǾŜǊ .ŀǎƛƴ ǇǊƻǾƛŘŜǎ тл҈ ƻŦ /ƻƭƻƳōƛŀΩǎ 
ƘȅŘǊƻǇƻǿŜǊΣ ŜǉǳƛǾŀƭŜƴǘ ǘƻ пф ҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜƭŜŎǘǊƛŎƛǘȅ 
supply.

It also provides drinking water for 38 million people.



The Magdalena River

El NiñoςSouthern Oscillation 
(ENSO) influences the hydro-
climatological conditions of the 
Magdalena River basin, with 
extended periods of low 
precipitation (droughts) during 
El Niño events and prolonged 
rains (floods) during La Niña 
events.

Lǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ 
rivers, with a length of 1,612 km 
and an average  discharge volume 
of 7,154 m3/s, a minimum of 4,068 
m3/s in March and máxima > 
10,000 m3/s duringNovember.

FromRestrepo and Kjerfve(2000)

FromFlantuaet al. (2015)

FromMuñózet al. (2016)

El Niño La Niña

FromRestrepo and Kjerfve(2000)



Magdalena RiverROFI - Salinity

FromTorregroza-Espinosa et al. (2020)
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SONJJADEF

In the neutral year 2013 and El Niño year 2015, the largest freshwater river plume area of influence was observed in 
SON, during the wet season. 
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SONJJADEF

A strong influence of cold waters (~25 C) moving westward from the Guajira Peninsula was observed along the 
littoral zone in months DJF.

Magdalena RiverROFI - Temperature

FromTorregroza-Espinosa et al. (2020)



Magdalena RiverROFI  vs. Guajira UpwellingSystem

FromAndrade (2000)



Sediment transported as 
suspended load is fine grained. 

Causes the stream to appear 
άƳǳŘŘȅέ

Magdalena RiverSuspended sedimentload
¢ƘŜ ǊƛǾŜǊ ŀŎŎǳƳǳƭŀǘŜǎ ƻƴŜ ƻŦ ǘƘŜ ƘƛƎƘŜǎǘ Ǝƭƻōŀƭ ǎŜŘƛƳŜƴǘ ȅƛŜƭŘǎ όмпп aǘ κyr) and the 
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.

Restrepo and Kjerfve(2000) had pointed out that 
the ENSO was able to explain up to 54% (r2: 0.74) 
of the interannual variability in suspended 
sediment load (SSL) in the Magdalena River, with 
high SSL during La Niña and low SSL during El 
Niño.

FromRestrepo and Kjerfve(2000)



Generally, the bedload transport rate of a stream is 
about 5ς25% of that of suspension load

Transportingsediments

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

Traction: large boulders and pebbles transported 
rolling and sliding along stream bed

Saltation: Small stones, pebble and silt transported by 
bouncing along stream bed

Suspension: Fine material such as clay and sediment  
transported within the stream flow but not dissolved



Tomado de  Torregroza-Espinosa et al. (2020)

La pluma sólida se extiende a distancias máximas de 6,5 km, con mayores 
extensiones en mayo y septiembre-octubre

Magdalena RiverROFI ςSedimentplume



Seasonal simulations with SedimentDrift®. Seafloor bathymetry from GEBCO-2019 (isodepths at

200 and 500 m).

Sedimenttransport offshore Magdalena river mouth

FromDevis-Morales et al. (2020)

Fine sands Veryfine sands Coarsesilts



Trajectoryof releasedparticles

The fine sandstake about 5-6
hours to reach the bottom,
located around 250-300 m
deep.

Very fine sandstake between 12 and 22
hours to settle to the bottom (reaching
depthsof up to 400m).

FromDevis-Morales et al. (2020)

Coarsesilt cantakemore than 5-7 daysto reachthe seafloor. In
some cases,this type of sediment remains suspendedvery
close to the bottom for several hours or even days before
settlingcompletely.



Blue (FS), yellow

(VFS), red (CSt).

FromDevis-Morales et al. (2020)

Buildingthe modernMagdalena deep-sea fan

SouthNorth



Buildingthe modernMagdalena upper fan

FromIdárraga-García et al. (2019)

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 
small-scale circular/elongated 
basins that are recipients of much of 
the sediment carried by the canyons

FromIdárraga-García et al. (2019)

Four NS to NNW-SSE trending submarine canyons 
associated with a narrow continental
shelf

Clear river connection



FromIdárraga-García et al. (2019)

Most channels typically evolve in 
the zone of transition between the 
continental shelf and the toe of the 
continental slope. Channels start as 
gullies, which merge downslope to 
become channel-levee systems.

Commonly, these channels are
partially destroyed by tongue-like 
MTCs, associated with mass failures 
starting near the edge of the shelf.

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

FromIdárraga-García et al. (2019)

An ancientMagdalena upper fan?

A series of channel-levee complexes and 
extensive mass transport complexes (MTC) 
with a radial pattern originates at the slope 
break

Unclearriver connection



An ancientMagdalena upper fan?

Extreme slopeinstability

FromMateus  et al. (in press)
FromMateus  et al. (in press)

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 km2 and have been reported with sizes of up to 34,700 km2

in the subsurface.

FromLeslie and Mann (2016)

FromNugrahaet al. (2022)



Ancientvs. Modern upper fan

FromNaranjo-Vesga et al. (2022)

! άŦŀƭǎŜέ ŀǇǇŜŀǊŀƴŎŜ ƻŦ ƭƻǿ 
structural deformation, when in 
reality the fold belt has been 
degraded and buried

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

FromNaranjo-Vesga et al. (2022)

FromNaranjo-Vesga et al. (2022)

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



FromIdárraga-García et al. (2019)

Modern Magdalena Deep-sea Fan

An area of ~ 237,000 km2, which puts it 
among the World's largest submarine 
fans.

Amazon Fan: ~ 330.000 km2

Congo Fan: ~ 300.000 km2

Mississippi Fan: ~ 300.000 km2



Magdalena Deep-sea Fan evolution
SO1:  17.91My to 11.62Ma (6.92My)

The accumulated sediment volumes during 
this time interval, lead to estimate a rate of 
1.34 x 1014 Tons/My (~134 MTons/year) or 
49,697 km3/My

About the same sedimentary transport rate 
of the Magdalena River144 MTon/y

FromLópez et al. (2021)

This sequence marks the beginning of the great sedimentary contributions in 
the CB area, provided by the South American continent



Magdalena Deep-sea Fan evolution
SO2:  11.6 My to 5.01Ma (6.5 My)

The accumulated sediment volumes during this 
time interval, lead to estimate a rate of 5.46 x 
1013 Tons/My (~55 MTons/year) or 20,200 
km3/My

Third of the current sedimentation rate of the 
Magdalena River (144 MTon/y)

The arrivalof the proto-Magdalena Rivercloseto its modernFan occurred
in late Miocene - earlyPliocene times.

FromLópez et al. (2021)



Magdalena Deep-sea Fan evolution
SO3:  5.01 My to3.52 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 1014 Tons/My (~155 MTons/year) or 
57,463 km3/My

Three times greater than the previous 
sequence S02 (~55 MTons/year) 

FromLópez et al. (2021)

Accumulated after the union of the Cauca and Magdalena rivers 
hydrographic basins



Magdalena Deep-sea Fan evolution
SO4: 3.52 My to 2.70 My (0.82 My)

Fan shape: anelongatedlobe shape, more than 
300 km wide and less than 200 km long, 
arranged along the SCDB.

This sedimentary volume was accumulated at 
rates of 1.74x1014 Tons/My (~174 Mtons/y) or 
64,526 km3/My

Slight increase compared to previous SO3, 
exceeding current rate (144 MTon/y).

FromLópez et al. (2021)

Seismic data of the north of MSF suggests the presence of a giant (>3000 km3) MTC more 
than 100 km long and ~40-200 m thick, named Barranquilla (Leslie and Mann, 2019)



Magdalena Deep-sea Fan evolution
SO5: 2.70 to 2.36 Ma(0.34 My)

Fan shape: slight lobular elongated shape, 
which decreases towards the CB area.

This sedimentary volume accumulated at 
rates of 2.95x1014 Tons/My (~295 
MTons/year) or 109,137 km3/My.

Almost twice the estimated sedimentation 
rates for the previous sequences, doubling 
the current sedimentation rate (144 MTon/y).

FromLópez et al. (2021)



Magdalena Deep-sea Fan evolution
SO6: 2.36 My to 2.21 My (0.15My)

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

This sedimentary volume accumulated at 
rates of 8.03x1014 Ton/My (~803 MTons/year) 
or 297,251 km3/My.

Maximum sedimentation rate, six times 
greater than the current sedimentary rate 
(144 MTon/y)

FromLópez et al. (2021)


