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MORPHOLOGICAL CHANGES ON A HIGHLY REGULATED ESTUARY – THE 
PATH TO SILTATION IN THE MAGDALENA RIVER MOUTH (COLOMBIA, 

SOUTH AMERICA)  

Restrepo Juan Camilo1 ; Consuegra Carolina1; Orejarena Andres1; Llinas Humberto2, & Pérez Javier3  

ABSTRACT –The Magdalena River mouth (Colombia, South America) has undergone major physical 
changes after a variety of engineering infrastructures built since 1936. Currently, the river mouth is 
controlled by two long jetties, contraction groynes, a training wall and regular dredging, leading to 
a minimum depth of 9.15 m in the deep channel. These manmade structures inhibit the 
morphological responses to changes in fluvial inputs (freshwater and sediments). Moreover, the 
Magdalena River mouth can be classified as turbid. Consequently, the Magdalena River mouth 
provides an illustrative example for analyzing siltation processes in systems where interact the low 
capacity of morphological response against environmental changes and an active sediment 
transport regime. Riverbed dynamics along the final reach of the river mouth were analyzed for 
estimating changes in the erosional/depositional balance as well as to determine patterns of 
morphological adjustments. The subaqueous part of the delta appeared to be sensitive to changes 
in suspended sediment load. Such changes led to erosion of the river mouth zone in the early 2000s, 
whereas sedimentation was the dominant processes between 2004 and 2011. Since then, the river 
mouth has undergone a succession of erosion/sedimentation cycles, although sedimentation has 
been the predominant process. Changes in the longitudinal profile along the deep channel also 
reflects these patterns and highlight a sort of morphological stability despite the steady efforts of 
deepening this channel. The average rates of sedimentation (37 - 822 mm yr-1) were of a comparable 
magnitude with rates reported from deltas experiencing severe sediment turnover. These response 
patterns reflect the spatial differences in hydro-sedimentary processes. In the river mouth, the 
cycles of erosion and accretion are controlled by the balance between fluvial discharge and 
saltwater intrusion. Consequently, mixing and vertical stratification, which in turn promote turbidity 
maximum zone formation, play a major role within siltation processes in the Magdalena River 
mouth.  
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1 – INTRODUCTION 

Boundary conditions and forcing factors control the dynamics and architecture of river 

mouths (Syvitski and Saito, 2007; Wright and Coleman, 1973). Changes in these factors will influence 

the hydrodynamic and sedimentological balance of these systems, leading to changes in the 

geomorphological setting (Gao et al., 2011; Yang et al., 2003). The interest in exploring how river 

mouths evolve and respond to changes in forcing conditions is increasing steadily; particularly 

during the last decades, as a result of the adverse effects of anthropogenic interventions and climate 

change as well as their crescent relevance on a commercial, transportation and cultural contexts 

(e.g., Gao et al., 2011; Syvitski and Saito, 2007; Wang et al., 2010). 

 

The Magdalena River mouth, in northwestern South America (Figure 1), provides an 

illustrative example for analyzing siltation processes in systems where interact the low capacity of 

morphological response against environmental changes and an active sediment transport regime. 

A series of major manmade structures have been built in the main channel since 1936 to ensure 

commercial navigation (Figure 1). Despite these interventions, the river mouth has experienced high 

rates of sedimentation, particularly during the last years, threatening the navigation through the 

deep channel (Restrepo et al., 2016). These high sedimentation rates seem to be linked to changes 

in the hydrologic and sediment transport regime (Higgins et al., 2016; Restrepo et al., 2014, 2017), 

a significant increase in the land surface disturbances observed at basin scale (Restrepo and Syvitski, 

2006; Restrepo et al., 2015); and ultimately, to estuarine processes that favors sedimentation in the 

turbidity maximum zone (Restrepo et al., 2018). It is still unclear how the subaqueous architecture 

of a highly intervened river mouth, experiencing also turbid conditions, responds to changes in 

fluvial inputs. Consequently, this work aims to (i) analyze the recent (short-to-mid-term) 

morphological evolution, (ii) estimate modern rates of sedimentation/erosion, and (iii) identify 

zones of morphological un/stability along the Magdalena river mouth from 2000 to 2017 (17 years), 

a period when significant fluvial input changes have undergone. 

 

2 – MAGDALENA RIVER MOUTH 

The Magdalena River forms an arcuate delta in Northwestern South America (Figure 1). The 

main distributary channel has undergone major physical changes following a variety of engineering 

activities carried out during the last century (Figure 1). Before 1924, it was characterised by cuspate 

or lobate forms, forming different connections between the distributaries and coastal lagoons 

(Figure 1). To prevent siltation at the river mouth and to promote commercial navigation, a series 

of engineering structures were planned along the main distributary. Thus, from 1936 onwards, a 

series of jetties, contraction groynes, training walls, among other hard-structures, have been built 

and reinforced, which led to a river mouth dominated by a single-straight discharge channel, 
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isolated from the coastal lagoon system (Ciénaga de Mallorquín). Currently, the river mouth exhibits 

a width of 430 m and a minimum depth of 9.15 m in the deep channel. The western and eastern 

jetties extend for 7.4 km and 1.4 km, respectively (Figure 1) (Borda et al., 1973). 

 

 
Figure 1 - Schematic representation of the Magdalena River delta between 1894 and 2018, according to 

historical maps and charts (Modified and adapted from Borda et al. 1973). 

 

The Magdalena River delivers 26% of the total freshwater discharge (205 km3 yr-1) and 38% of the 

total sediment load (144 x106 t yr-1) to the Caribbean Sea (Restrepo et al., 2014, 2017). The seasonal 

distribution shows high discharges of freshwater (9237 of m3 s-1) and suspended sediment (690 x103 

t d-1) in November; whereas lowest mean values appear in March with 3685 m3 s-1 and 146 x103 t d-

1 of freshwater and suspended sediment load, respectively (Higgins et al., 2015). The river mouth 

exhibits a microtidal regime, ranging between 0.64 m and 0.48 m during spring and neap tides, 

respectively (Restrepo and López, 2008). The river mouth experiences highly stratified conditions, 

particularly during the low streamflow season, as a consequence of the balance between fluvial 
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advection and tidal forces (Restrepo et al., 2018). In addition, these stratified conditions promote 

the formation of a turbidity maximum zone with suspended sediment concentrations above 4000 

mg L-1 (Restrepo et al., 2018).  

 

3 – DATA AND METHODS  

Bathymetric data from 2000 to 2017 was provided by the National Hydrographic Service 

(Servicio Hidrográfico Nacional – Centro de Investigaciones Oceanográficas e Hidrográficas). Data 

accuracy amounts to 0.1 m in the vertical and 1.0 m in the horizontal direction. As successive surveys 

do not cover the same area, a unified zone with full coverage along the deep channel (from 0 km to 

7 km upstream from the river mouth) was defined to adjust boundaries and ensure concordance 

within the surveyed area. A series of historical comparisons were performed from these bathymetric 

data in the river mouth sector (i.e. area/volume) as well as along the deep channel (i.e. longitudinal 

profile - Thalweg line). Digital elevation models (DEMs) with cell sizes of 8.5 m were set up via 

triangular interpolation (Triangular Irregular Network -TIN) using ARC Gis Version 10®. TIN provides 

high accuracy relative to the density of source data (Maillet et al. 2006). Areas and zones of net 

erosion/accretion, as well as the corresponding volumetric gains/losses, were determined by 

superposing successive soundings/longitudinal profiles corresponding to comparable hydrological 

seasons. 

 

Volumetric values obtained from the river mouth sector analysis were converted into 

gravimetric sediment masses by estimating bulk properties of the sediment. Bottom sediments at 

the Magdalena river mouth are predominantly coarse and medium silts, mainly composed of 

plagioclase and quartz (Klingebiel and Vernette, 1979). Considering that the density of 

unconsolidated sediments with these kinds of minerals ranges from 2.63 g cm-3 to 2.76 g cm-3, we 

used a dry bulk density of 2.65 g cm-3. Sediment porosities up to 73% have been reported for in-situ 

silt-sand aggregates deposited in bays and estuaries (Leeder, 2011); thus, we use a mean porosity 

of 80% to be conservative in the estimation of gravimetric sediment masses. These estimates 

represent only the apparent sedimentation, because processes of consolidation/compaction and 

changing porosities within sediment deposits are not considered.  

 

4 – RESULTS 

4.1. - Patterns of Erosion and Sedimentation at the River Mouth 

From 2000 to 2004, large erosion zones appeared in the mouth of the Magdalena River, 

(Figure 2). During this period, erosional areas covered 1.61 km2, corresponding to 69% of the total 
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surveyed area. The total volumetric loss at this sector amounted to 2.16 x106 m3. During this period, 

the river mouth experienced a sediment deficit of >1.1 m (0.27 m yr-1) (Figure 2). Between 2004 and 

2011, the depositional areas increased in number and size, covering the 75% of the total area 

surveyed (Figure 2). Some areas experienced a sediment gain of > 1.4 m (0.20 m yr-1) and the total 

sedimentation volume amounted to 4.15 x106 m3. These variations reflect a shift in the 

erosion/sedimentation patterns. From 2011 onwards, sedimentation has consolidated as the 

predominant process despite the alternance of minor cycles of erosion/sedimentation, induced by 

changes in the fluvial inputs and dredgings, and the occurrence of episodes of localized erosion, 

particularly in the areas adjacent to the west jetty. 

 

 

Figure 2 - Comparison of the accretion (positive values) and erosion (negative values) volumes in the 
Magdalena River mouth for (A) 2000 (June) – 2004 (May) and (B) 2004 (May) – 2011 (July). 

 

 



   

XIII Encontro Nacional de Engenharia de Sedimentos 
I Partículas nas Américas 

6 

 

 

Figure 3 – Magdalena river mouth: longitudinal profile comparison along the deep channel (Thalweg) 
(Upper panel) and corresponding net change of elevation/depth (erosion/sedimentation) (Bottom panel): 

(a) Octuber 2004 – November 2006, (b) February 2006 – Noveber 2006, and (c) September 2006 – April 
2007. The plant view of the river mouth is included as geographic reference.  
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4.2. – Patterns of Erosion and Sedimentation along the Deep Channel (Thalweg) 

From October 2004 to November 2006 the final stretch of the river mouth (0 – 2 km) 

experienced net losses (erosion) up to ~2 m; whereas in the stretch located 3 km upstream of the 

river mouth the net gain (sedimentation) amounted up to 4 m. The other stretches remained 

relatively stable, showing not significant changes of depth (Figure 3). During a hydrological season 

(comprising the shift from low to high streamflows), between February 2006 and November 2006, 

the Thalweg exhibited similar changes in these stretches. However, the magnitude of such changes 

were lower. A shift in the morphological variability patterns occurred between September 2006 and 

April 2007. Such shift is characterized by sedimentation in the final stretch of the river mouth (0 – 2 

km), a relatively stability in the mid- stretches (2 – 7 km upstream of the river mouth), and significant 

sedimentation in the upper stretch. The progressive infilling of the depression located ~3 km 

upstream of the river mouth and observed previously, ceased during this period (Figure 3). Other 

comparisons were performed. Such analysis are not shown here for brevity. In summary, they 

revealed the succession of erosion/sedimentation cycles along the deep channel, with 

sedimentation being the dominant process. Despite the steady efforts of deepening this channel, 

depths remained relatively stables. The morphological setting and architecture of the river mouth 

did not exhibit significant changes during the surveyed period. 

 

5. – CONCLUSIONS 

A succession of erosion/sedimentation cycles were observed in the Magdalena river mouth. 

However, sedimentation was the dominant process; resulting in a slow infilling of the Magdalena 

river mouth. Despite the efforts of deepening the main channel, depths remained relatively stables, 

exhibiting steady major bedforms. At the river mouth, manmade structures inhibit the horizontal 

morphological adjustment (i.e. such as lateral erosion, formation/abandonment of distributaries, 

lateral shifting of the active channel, or crevasse planes). Therefore, position and size of the mouth-

frontal bar, channel gradient, and/or the average channel depth change as variations in the 

sediment transport regime occur. The average rates of sedimentation and erosion (37 - 822 mm yr-

1) were of a comparable magnitude with rates reported from deltas experiencing severe sediment 

turnover. 
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