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Abstract

Pediments characterized by their low gradient and smooth erosion surfaces are crucial for understanding tectonic
and erosion processes. These surfaces typically form as a result of the interplay between erosion and tectonic
movements. This study focused on the northern highlands of Zanjan, investigating the tectonic and erosion
processes involved in pediment formation with reference to King's model and Shahzidi's proposed model. This
region marked by diverse tectonic activity and unique lithological conditions provides an ideal case for
examining these phenomena. Employing field analyses, Digital Elevation Models (DEM), and interpretations of
Google Earth satellite images, this study identified and investigated pediments. Additionally, field visits to
lithological sites and geomorphological analyses were conducted to deepen our understanding of the effects of
erosion and tectonics on pediment formation. In the northern areas of Zanjan, long-term erosion has been
identified as the primary factor influencing pediment development, particularly in regions with less resistant
lithology, such as shale. Slow tectonic activity, especially in the eastern parts of Zanjan, has resulted in the
formation of concave pediments with graded slopes. Conversely, in the western regions where tectonic activity is
less pronounced, stepped pediments are more prevalent. Active faults in eastern Zanjan have significantly shaped
the geology and contributed to pediment formation, creating uneven terrains that have gradually transformed into
smooth surfaces under erosive forces. The lithological resistance of andesitic masses amidst less resistant layers
has further contributed to slope variations and the development of stepped pediments in the northern highlands
of Zanjan.

Keywords: Pediment, Erosion, Tectonics, Shahzidi’s Model, King’s Model, Zanjan.

Introduction

Pediments are gently sloping, low-relief erosional surfaces that form at the base of mountain fronts often
partially covered by alluvial deposits. First described by Lester C. King in 1953, pediments have long been
recognized as a characteristic feature of arid and semi-arid landscapes. In these environments, prolonged erosion
under tectonically stable conditions results in the retreat of mountain fronts and the development of convex-
upward profiles. According to King's classical model, pediments exclusively form in tectonically quiescent
settings through lateral planation driven by fluvial processes with minimal contributions from tectonic uplift.
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Recent experimental and field-based models, however, challenge this perspective. Shahzeidi (2014) proposed
an alternative framework based on physical modeling, suggesting that concave pediments with graded slopes can
develop under conditions of slow but continuous tectonic uplift combined with long-term erosion. This model
posits that even minimal uplift rates (>0.1 mm/yr) can significantly influence landform evolution by maintaining
a dynamic equilibrium between rock uplift and erosion, resulting in smooth, concave profiles rather than stepped
Or CONVeX Ones.

The northern highlands of Zanjan situated at the intersection of the Central Iranian Block and the Alborz-
Taleh zone, provide a unique natural laboratory for testing these competing geomorphological models. This
region exhibits notable spatial variability in tectonic activity, including active fault systems, such as Sultanieh
Fault in the south and North Zanjan Fault in the north, alongside areas of relative tectonic stability. Additionally,
the presence of resistant Eocene andesitic units (Karj Formation) interbedded with weaker marls and shales
creates strong lithological contrasts that significantly influence landscape evolution.

This study aimed to empirically test the predictive capabilities of King’s (1953) and Shahzeidi’s (2014)
models within a real-world tectonically active environment. By analyzing 30 elevation profiles across the
northern Zanjan highlands, we evaluated which model more accurately explained the observed morphologies of
pediments and investigated the relative roles of tectonics, long-term erosion, and lithological resistance in
shaping these landforms.

Materials & Methods

Primary data were collected through a combination of remote sensing analysis and field surveys. A high-
resolution Digital Elevation Model (DEM) with a 12.5-m pixel resolution derived from ALOS PALSAR was
utilized to extract 30 cross-sectional elevation profiles perpendicular to mountain fronts throughout the study
area. These profiles were manually digitized by using GIS software and categorized based on their
morphological characteristics: convex, concave, or stepped.

Field observations were conducted along selected profiles to validate geological structures, identify fault
traces, and assess lithological variations. Rock samples were collected for petrographic analysis to confirm the
composition and resistance of andesitic masses compared to softer sedimentary layers. Morphometric analyses
included calculation of slope gradients, measurement of elevation differences between adjacent terraces,
assessment of profile curvature, and spatial correlation with mapped fault systems and lithological units. All
profiles were classified according to 3 hypotheses derived from Shahzeidi’s (2014) experimental model:

e Hypothesis 1: Stepped and convex profiles indicate long-term erosion under tectonic stability.

e Hypothesis 2: Stepped profiles with moderate slope changes suggest limited tectonic influence alongside
predominant erosion.

e Hypothesis 3: Concave profiles with gradual slopes reflect long-term erosion under slow tectonic uplift.

Statistical summaries of profile types and their spatial distribution were generated to evaluate regional
patterns.

Research Findings

A total of 30 elevation profiles were analyzed across the northern highlands of Zanjan, revealing a distinct
spatial pattern in pediment morphology: 46.7% (n=14) of the profiles exhibited stepped and convex forms,
primarily located in the western and northwestern parts of the region, particularly near the Arman-Khan fault
zone, which was characterized by low seismic activity, 40% (n=12) displayed concave profiles with graded
slopes concentrated in the eastern and southeastern sectors directly aligned with active segments of Sultanieh
Fault, 10% (n=3) exhibited partially convex stepped features, and 3.3% (n=1) showed a partially concave profile,
indicating transitional forms.

Vertical offsets between adjacent terraces varied systematically:

e In distal piedmont zones (e.g., downstream of pediment toes), offsets ranged from 30 to 70 m, suggesting
advanced stages of erosion.

e In mid-slope transition zones, offsets were measured 100 to 200 m, indicating interaction between
tectonic forces and erosion.

e Near mountain crests (e.g., Tarm Heights), offsets ranged from 250 to 400 m, reflecting early-stage
development primarily influenced by tectonic uplift.

All stepped profiles, regardless of their convexity or concavity, were spatially associated with the resistant
andesitic masses of Karj Formation (Eocene). These units served as remnant surfaces due to their high resistance
to erosion, while the softer intervening layers (such as marls and shales) were eroded more rapidly, resulting in
staircase-like features.
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Spatial overlays with structural maps confirmed that concave profiles were consistently located along active fault
traces, while convex profiles were found in areas with minimal faulting and lower levels of crustal deformation.

Discussion of Results & Conclusion

The findings strongly supported Shahzeidi’s (2014) model over King’s (1953) classical hypothesis. The presence
of concave pediments in eastern Zanjan formed under conditions of slow tectonic uplift combined with long-
term erosion aligned perfectly with the predictions of the experimental model. This result corroborated global
studies indicating that even very low uplift rates (>0.1 mm/yr) can produce concave pediments. For instance,
Pelletier (2008) in Arizona and Richardson et al. (2024) in South Africa identified such forms as indicators of
sustained, low-amplitude tectonic activity rather than tectonic quiescence.

In contrast, the convex and stepped pediments in western Zanjan conformed to King’s model, but only as a
specific case within a broader tectonically active context. Their presence reflected periods of relative tectonic
stability rather than absolute stillness, underscoring the significance of local structural controls.

Lithological resistance played a crucial role in shaping micro-morphology. The alternation of resistant
andesitic layers with weaker interlayers produced stepped features consistent with findings by Eppes and
McFadden (2008) in arid basins, where differential erosion has led to the formation of terrace-like remnants.
This "relative resistance™ effect illustrated how lithology could overshadow uniform tectonic signals, resulting in
diverse morphologies even under similar uplift regimes.

Moreover, the asymmetric spatial distribution—46.7% convex in the west versus 40% concave in the east—
revealed significant geodynamic heterogeneity across the northern Zanjan highlands. This pattern mirrored
observations by Mufioz-Farias et al. (2023) in Atacama Desert, where active tectonic settings have promoted the
development of concave pediments, while stable zones have given rise to convex forms.

Crucially, this study demonstrated that erosion remained the dominant process in pediment formation;
however, its manifestation was fundamentally influenced by the underlying tectonic and lithological
frameworks. The evolution of pediments in this region followed a 3-phase trajectory: tectonic dominance
characterized by high relief and large terrace offsets, interaction phase involving moderate uplift coupled with
erosion, and erosional dominance marked by low relief, small offsets, and convex forms. Thus, the formation of
pediments in northern Zanjan was best explained by a tripartite interaction among long-term erosion (as the
primary agent), slow tectonics (which governed overall shape), and lithological heterogeneity (which determined
microstructural features).

This research provided the first successful field validation of Shahzeidi’s (2014) experimental model in Iran,
illustrating that concave pediments could form under conditions of slow tectonic uplift combined with long-term
erosion. The widespread occurrence of such forms in eastern Zanjan challenged the classical notion that
pediments necessitate tectonic stability, reinforcing the modern understanding that even minimal uplift can
significantly shape landscapes over geological timescales. The convex and stepped pediments in the west
represented sub-cases of tectonic stability within an overall active regime, aligning with King’s model but not
discounting the broader role of tectonics.

The study highlighted the necessity of integrating tectonic, erosional, and lithological factors in
geomorphological analyses. It also emphasized the value of combining remote sensing with fieldwork to validate
theoretical models in complex terrains. These findings have practical implications for neotectonic reconstruction,
geological hazard assessment in mountainous areas, and sustainable management of water and soil resources in
adjacent plains. For future research, it is recommended to incorporate quantitative morphometric indices (e.g.,
hypsometric integral, stream length-gradient index) to expand this analytical framework into a fully quantitative
domain.
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Figure 1: Geographical location of the Zanjanrud basin in Iran and the Sefidrud basin (Source: Authors, 2025)
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Figure 2. Location of elevation profiles in the digital elevation layer and in the geological layer of the Zanjanroud
Basin (Source: Authors, 2025)
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