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Abstract: The eastern coast of Algiers represents a tectonically active margin within the African–

Eurasian plate convergence zone, where the interplay of seismic deformation and sea-level 

fluctuations has shaped a series of uplifted marine terraces. These geomorphic markers preserve 

crucial information for quantifying long-term tectonic uplift, relative sea-level change, and seismic 

hazard.This study integrates geomatic approaches including high-resolution satellite imagery 

(SRTM 12.5), Geographic Information Systems (GIS), Global Positioning System (GPS) surveys, and 

field altimetry to map and analyze marine terraces along the eastern Algiers coastline. The research 

focuses particularly on the sector affected by the Mw 6.8 Zemmouri earthquake of May 21, 2003, 

which revealed the strong influence of active coastal tectonics in the region.A total of 81 

measurements were conducted during our field investigations, and DEM analysis identified at least 

two distinct, well-preserved terrace levels. The first terrace, situated between 30.71 and 43 m above 

sea level, reflects long-term tectonic uplift linked to fault slip rates. The second terrace, preserved 

between 1 and 8.11 m, records more recent interactions between eustatic sea-level fluctuations and 

coseismic deformation. These elevations were validated through GPS and altimeter measurements, 

then cross-compared with regional sea-level curves.Preliminary interpretations suggest that terrace 

deformation is primarily controlled by active fault systems associated with the African–Eurasian 

convergence, while superimposed eustatic variations influence terrace morphology and 

preservation. The combined dataset provides new insights into uplift rates, neotectonic activity, and 

the spatial variability of deformation along this seismically active margin.By applying geomatic 

tools to coastal geomorphology, this study reconstructs the relationship between tectonic uplift and 

sea-level change, offering an improved understanding of long-term seismic hazard and coastal 

evolution in Algeria. These results contribute to regional geodynamic models, coastal risk 

assessment, and urban resilience strategies in the Western Mediterranean. 
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1. Introduction 

Coastal geomorphological markers, such as marine terraces, provide essential 

archives for reconstructing the interplay between sea-level changes and tectonic 

deformation. These landforms, characterized by wave-cut platforms and stepped 

topography, preserve evidence of past sea-level positions and long-term crustal uplift. In 

convergent plate settings, their study offers critical insights into fault activity, earthquake 

recurrence, and seismic hazard [1,2 and 3]. 

Along the western Mediterranean, the Algerian coastline is highly vulnerable to 

active deformation due to the ongoing convergence between the African and Eurasian 

plates, estimated at 4–6 mm/yr [4,5 and 6]. Previous works have documented Quaternary 

folding, thrusting, and strike-slip faulting across the Tell Atlas and Mitidja Basin [7,8], as 

well as historical destructive earthquakes, including the 1716 Algiers and the Mw 6.8 

Zemmouri event of May 2003 [7]. Despite these advances, significant uncertainties remain 

regarding uplift rates, terrace deformation, and their relationship to regional sea-level 

fluctuations. 

The eastern coast of Algiers represents a key sector where well-preserved terraces 

record both tectonic uplift and eustatic influences. However, the spatial distribution, 

elevation, and deformation patterns of these terraces have not been comprehensively 

mapped using modern geomatic tools [9,10]. 

This study aims to generate high-resolution maps of deformed marine terraces in 

Eastern Algiers through remote sensing, GIS, and GPS analysis. The objective is to quantify 

uplift rates, identify active tectonic structures, and evaluate their implications for African–

Eurasian plate convergence and regional seismic hazard, while also contributing to the 

reconstruction of sea-level curves and coastal resilience strategies. 

2. Materials and Methods 

The study was conducted in the Zemmouri coastal area (Figure 1), located within the 

Tell Atlas belt of northern Algeria, a tectonically active region marked by NE–SW trending 

folds and uplifted Quaternary terraces (Figure 2). This setting provides an ideal natural 

laboratory for investigating interactions between sea-level fluctuations and active tectonic 

deformation. 

 

                                                                 Fig.1. Location Map of the study area 

Data collection focused on marine terraces and shoreline markers. High-resolution 

satellite imagery (ALOS, SRTM DEM, and 3-arc DEM) and aerial photographs were used 
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to identify geomorphic features such as shoreline angles, wave notches, and terrace 

staircases. Digital Elevation Models (DEMs) provided slope indices, elongation ratios, and 

steepness indices, allowing distinction between marine terraces andalluvial or structural 

terraces. GPS surveys and elevation data were integrated to validate terrace heights and 

morphometric parameters. 

Geospatial analysis was carried out using ArcGIS and MATLAB, enabling the 

extraction of hydrographic and topographic and geological maps (Figure 2) as well as 

terrace morphometry. These datasets facilitated mapping of scarps parallel to the coastline 

and quantification of terrace deformation [11,12 and 13], . The methodology combines 

geomorphological markers with quantitative morphometric indices to reconstruct relative 

sea-level changes and assess tectonic uplift. This multi-source approach ensures robust 

characterization of active coastal dynamics and supports broader interpretations of 

African–Eurasian plate convergence. 

       

                         Fig. 2.  Geological map of the Zemmouri region and surroundings 

3. Results 

3.1 Marine Terraces and Shoreline Angles 

The geomorphological analysis of the Eastern Algiers coast identified two uplifted 

terrace levels (T1 and T2) and corresponding shoreline angles (ShA) (Table 1). Terrace T1 

is preserved at elevations between 30.7 and 43 m, while T2 occurs at 1–8 m above present 

sea level. Shoreline angles were identified between 3 and 11 m, serving as reliable markers 

of former sea-level stands (Figure 3). These features are consistent with Quaternary uplift 

and glacio-eustatic sea-level oscillations. 

                                                  Table 1. Summary statistics of marine terraces and shoreline angle elevations. 

Feature Minimum 

(m) 

Maximum 

(m) 

Mean 

(m) 

Coordinates 

(Lat, Long) 

T1 30.7 43.0 38.6 36.823°N, 

3.350°E 

T2 1.0 8.1 4.1 36.823°N, 

3.350°E 

ShA 0.9 11.4 7.0 36.823°N, 

3.350°E 
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Fig. 3. The surface classification model shows Terrace 1, Terrace 2,  

and shoreline angles in the Zemmouri region 

 

3.2 Seismic and Tectonic Influences 

In the Zemmouri sector, terrace deformation correlates with active faulting. The Mw 

6.8 earthquake of May 21, 2003 accentuated vertical uplift and generated new shoreline 

notches, confirming the strong link between seismic activity and terrace formation (Figure 

4). Comparative elevation profiles (Figures 4) demonstrate differential uplift along the 

coast, with localized deformation zones marking fault-controlled subsidence and uplift 

[14]. 

 

                                                                  Fig. 4. NeoTectonic and seismicity map of the study area 

3.3 Terrace Morphology and Deformation 

Digital elevation models (ALOS, SRTM, 3-arc DEM) and field data revealed well-

developed staircase morphologies, formed by alternating phases of uplift and marine 

abrasion (Figure 5). The terraces display horizontal platforms bounded by fossil sea cliffs, 

highlighting cycles of erosion and abandonment. 
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                                                                         Fig. 5. Profiles A, B, C, and D shows the difference in elevation between T1 and 

T2 

4. Discussion 

The analysis of marine terraces in the eastern Algiers region (Zemmouri) highlights 

two distinct terrace levels. The higher and older terrace (T1) is situated between 30.71 and 

43 m above sea level, while the lower and younger terrace (T2) ranges from 1 to 8.11 m 

(Figure 6; Table 1).  

Fieldwork involved 81 measurement points where GPS provided geographic 

coordinates and altimetry defined elevations. These data were synthesized into four 

coastal profiles (A–D), positioned perpendicular to the shoreline. The profiles clearly 

display two flat, well-preserved terrace surfaces, separated by a shoreline angle (ShA) 

marking their transition. 

A comparative diagram of terrace elevations confirmed differential uplift between 

T1 and T2, supported by field photographs that validated theoretical interpretations. The 

correlation between geomatic analysis and field evidence underscores the reliability of the 

results. 

 
                                                                Fig. 6. Comparison of elevation between T1, T2, and ShA 

Furthermore, sea-level curve analysis (Figure 7) indicates that successive shoreline 

formations correspond to global eustatic fluctuations. As emphasized by [15 and 16] 

selecting the most appropriate sea-level curve requires careful consideration of spatial 
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variability and chronological resolution. Well-documented highstands such as MIS 11c 

and MIS 5e provide useful benchmarks [17]. Overall, the results demonstrate that marine 

terrace development in Zemmouri reflects the combined effects of tectonic uplift and 

eustatic sea-level changes. 

To examine terrace geometry, four profiles (A–D) were established perpendicular to 

the coast (Figure 7, Photo 1). These profiles reveal two flat terrace levels, consistent with 

repeated uplift and marine abrasion.  

                  

 
                                                                    Fig. 7. Field photos presented the study area and the four profiles A, B, C, and 

D formed by T1 and T2 

An elevation diagram illustrates the relative uplift between T1 and T2, while field 

photographs confirm the geomorphic interpretation (Photo 1). 

Sea-level fluctuations played a central role in shaping these terraces. According to 

[7], the choice of sea-level curves must consider spatial variability, resolution, and original 

data quality. Well-studied highstands such as MIS 11c and MIS 5e provide robust 

benchmarks.  

Overall, results indicate that marine terrace development in Eastern Algiers reflects 

the combined influence of eustatic sea-level change and regional tectonic uplift 
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5. Conclusion 

This study demonstrates that the eastern Algiers coast, particularly the Zemmouri 

area, preserves two distinct levels of uplifted marine terraces shaped by tectonic uplift and 

sea-level fluctuations. Terrace elevations between 1–8 m (T2) and 30–43 m (T1), together 

with shoreline angles, provide robust geomorphic markers for reconstructing past coastal 

evolution. Field surveys, DEM analysis, and elevation profiles confirm that these terraces 

record repeated phases of uplift associated with the ongoing convergence of the African 

and Eurasian plates. The consistency of terrace morphologies across profiles suggests a 

regional tectonic control, reinforced by seismic events such as the 2003 Mw 6.8 earthquake 

[19-22]. 

The findings highlight the dual influence of plate convergence and sea-level 

variability on terrace development, offering valuable insights for seismic hazard 

assessment and coastal management. Future studies integrating high-resolution 

geophysical data and dating techniques would refine terrace chronology, improving our 

understanding of long-term landscape dynamics in the western Mediterranean. 
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