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1-Introduction

The Sarney River, located east of Minab in southern Iran, represents an active fluvial system in the Makran
structural zone that preserves a diverse array of sedimentary facies and depositional elements. As in many
arid to semi-arid regions, rivers play a fundamental hydrological and geomorphological role, controlling
regional drainage, groundwater recharge, and the redistribution of sediments from tectonically active
uplands to downstream plains. The river extends approximately 65 km and drains an area that is strongly
influenced by both natural geomorphic processes and human activities. Understanding sediment
characteristics and depositional behavior in systems such as the Sarney River is essential for interpreting
hydrological dynamics, sediment-routing mechanisms, and environmental changes that shape Quaternary
alluvial landscapes.

The fluvial sediments of the Sarney River reflect a wide range of hydrodynamic regimes, from high-
energy gravelly braided reaches in the upstream mountainous part of the basin to mixed gravel-sand
systems and ultimately to meandering sand-dominated channels downstream. The composition and texture
of sediments are controlled by several factors, including bedrock lithology, weathering intensity, channel
incision, and sediment supply from tributaries and eroding terraces. Previous research on fluvial systems in
Iran and globally has demonstrated that grain-size trends, sedimentary structures, textural maturity, and
architectural elements are reliable indicators of fluvial dynamics and depositional processes. Similar
approaches are applied here to the Sarney River to determine the main controls on sediment transport and
deposition.

The region’s climate is dominantly arid with an annual De Martonne aridity index of approximately
5.44, confirming that ephemeral to seasonal hydrological regimes prevail. This climatic setting, combined
with steep gradients in the upper reaches and tectonically active terrain, generates episodic high-discharge
floods capable of transporting coarse sediments, producing scour-and-fill structures, and developing
multiple erosional and depositional discontinuities along the channel course. Such features provide valuable
information about the temporal variability of sediment supply and flow energy.

Given the presence of diverse lithologies—including marl, shale, sandstone, conglomerate, and
Quaternary alluvial deposits—the Sarney River offers an ideal natural laboratory for investigating the
interaction of tectonics, climate, and sedimentation. The primary objective of the present study is to analyze
the sedimentological characteristics of the river’s deposits through grain-size analysis, identification of
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sedimentary facies, and architectural elements, and ultimately to reconstruct a depositional model for the
entire river course. This analysis provides insights into the dynamic processes operating in the watershed,
including patterns of downstream fining, facies transitions, and the distribution of geomorphic units such
as channel fills, bars, levees, and floodplains. Understanding these relationships is essential not only for
geological interpretation but also for environmental and water-resource planning in arid regions of southern
Iran.

2-Materials and Methods

To evaluate the sedimentary characteristics of the Sarney River, 20 sediment samples were collected
systematically along the active river channel, from upstream mountain sections to the downstream
meandering plain. Sampling was performed at depths of 30-50 cm within the channel bed to minimize the
influence of recent surface reworking. The geographic position of each sample site was recorded using GPS
based on UTM coordinates to ensure accuracy in spatial analysis. Samples were transferred to the laboratory
with minimal disturbance to preserve their natural texture and composition.

After air-drying, all samples were subjected to dry-sieving analysis following the method of Lewis and
McConchie (1994). Grain-size fractions were separated at 0.5 ¢ intervals, and the weight percentage of
each size class was measured using a precision digital balance. Grain-size statistical parameters—including
mean, median, sorting, skewness, and kurtosis—were calculated according to Folk's (1980) classification.
The grain-size distribution was then plotted using TriPlot software to determine sediment types and textural
classes.

Because the largest fraction (>15%) of the coarsest gravel components in the first two sampling intervals
exceeded the sieve limits, samples with grain sizes larger than 15 mm were excluded from detailed
statistical treatment. Nonetheless, qualitative data from coarser materials were used in facies interpretations.
In addition to laboratory analysis, extensive field observations were conducted to document sediment
structures, bedding geometries, erosional surfaces, and lateral and vertical facies relationships.

Sedimentary facies were classified based on the schemes of Miall (1996, 2000, 2006) and Li et al.
(2021), which emphasize grain size, sedimentary structures, and depositional textures. Facies associations
were subsequently grouped into architectural elements following the hierarchical fluvial classification
framework proposed by Miall (2013) and Ford & Pyles (2014). These elements helped differentiate
between channel fills, gravel bars, sand bars, and fine-grained floodplain deposits.

Longitudinal and cross-sectional river profiles were constructed using Google Earth elevation data to
examine channel morphology, slope variations, and the distribution of geomorphic features along the river
course. These data were used to correlate sedimentary discontinuities—identified based on grain-size
trends, abrupt changes in facies, and shifts in depositional style.

3-Results and discussions

3-1- Grain-size characteristics

Grain-size analysis reveals significant downstream fining from coarse gravel in the upstream sections to
silt-dominated sediments near the river mouth. Gravel content decreases from more than 80% in sample 1
to less than 1% in samples 19 and 20. Sand and mud proportions exhibit complementary trends, with mud
fractions increasing considerably in the lower reaches. Sorting values range from moderately good to
extremely poor (0.55—4.33 o), indicating highly variable flow conditions. The weakest sorting occurs in the
midstream zone, where tributary inputs add large volumes of poorly sorted fine material.

Skewness values range from strongly fine-skewed to strongly coarse-skewed. Most upstream samples
show positive skewness due to an abundance of fine particles produced by intense weathering of marl,
shale, and ophiolitic rocks. In contrast, negative skewness values in the central and lower reaches reflect
winnowing of fines during episodes of high stream power.

Kurtosis values range widely from platykurtic to very leptokurtic, suggesting that grain-size
distributions are controlled by alternating high-energy and low-energy depositional events. Overall, the
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grain-size results indicate that although a general downstream fining trend exists, several discontinuities
interrupt this trend due to geomorphic and sediment supply variations.

3-2- Sedimentary discontinuities

Four major discontinuities and five continuity intervals were identified along the river. The first
discontinuity corresponds to the emergence of a major fault and the head of the Sarney dam lake. The
second is triggered by the deposition of fine-grained flood sediments associated with slack-water zones
near the dam. The third discontinuity reflects sediment influx from tributaries draining soft lithologies, and
the fourth corresponds to incision into older terraces with abundant fine-grained material. These
discontinuities significantly influence facies distributions and river morphology along the basin.

3-3- Sedimentary facies
Ten sedimentary facies were identified:

Gravelly facies:
Gcem, Gms, Gm, Gh, Gp
These facies represent high-energy streamflow, debris-flow deposition, and coarse bar migration. Gem

and Gm are characteristic of the proximal braided reaches. Gms reflects matrix-rich debris-flow deposits,
whereas Gh and Gp represent bar accretion and bedform migration under steady but high stream power.

Sandy facies:

Sh, St, Sm

These facies occur in the mid- to downstream reaches and document traction-dominated flows (Sh),
dune migration (St), and rapid sediment dumping during flow deceleration or collapse (Sm).

Fine-grained facies:
Fr, Fm

These facies correspond to floodplain muds, over bank deposits, and abandoned-channel fills. Fr
contains root traces, indicating vegetation colonization during low-energy floodplain stability.

3-4- Architectural elements:
Five architectural elements were documented:

CH: Channel fills dominated by Gem, Gh, and Sh

SG: Gravity-flow dominated deposits containing Gecm and Gms

GB: Gravel bars characterized by Gh, Gms, and Sh

SB: Sandy bedforms (Sh, Sm) representing meandering-channel bars
FF: Fine-grained floodplain deposits composed of Fm, Fr, and Sm

Each architectural element corresponds to a distinct geomorphic setting and reflects transitions in river
energy, sediment load, and channel morphology.

3-5- Depositional model
A three-part depositional model is recognized along the Sarney River:

1. Upstream gravelly shallow braided river
High channel gradient, coarse gravel load, and Gem—Gh facies dominate.

2. Middle gravelly braided river with gravity-flow deposits
SG architectural elements and abundant Gms facies reflect slope failures, tributary contributions, and
episodic debris-flow events.

3. Downstream meandering river
Lower gradient, sand-dominated deposits (Sh, St, Sm), with floodplain facies (Fm, Fr), characterize
the final reach before entering the coastal plain.
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4-Conclusion

The sedimentological study of the Sarney River reveals a complex interaction of hydrodynamic processes,
lithologic controls, and geomorphic features. Grain-size analyses show a general downstream fining trend
with major textural transitions influenced by tributary inputs, terrace erosion, and seasonal flood dynamics.
Ten sedimentary facies and five architectural elements reflect the diversity of depositional environments
along the river course. Based on facies assemblages and architectural configurations, the depositional model
includes an upstream shallow braided gravel system, a mid-reach gravelly braided system with debris-flow
contributions, and a downstream meandering sand-dominated channel. These findings provide a
comprehensive understanding of sediment routing and fluvial dynamics in arid to semi-arid river systems
of southern Iran.
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Figure 1. Geographical location and access routes to the Sarney River.
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Figure 4. Location of sediment sampling sites along the Sarney River.
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Figure 5. Longitudinal and transverse profiles of the Sarney River.
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Figure 6. Classification of Sarney River sediments based on Folk (1980).
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Figure 7. (a) Downstream variations of kurtosis, (b) skewness, and (c) sorting along the Sarney River
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Figure 8. Downstream variations in particle-size percentages along the Sarney River.
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Table 1. Results of grain-size analysis from the upstream to downstream reaches of the Sarney River.

Distanc Sediment  Mea
e from Grave . Media . Kurtosi  Skewne
N Sand Mud in Folk n Sorting
o UM sample 1 % % classificati (mm | (o) S SS
(1) % o o ck ) (mm) (o) (o)
(Km)
534334
1 2992247 0 80.76 16.84 2.31 Gravel 636 7.21 2.129 1.12 0.2
532970 Sandy
2 2989796 3.74 57.19 4037 2.22 Gravel 561 6.58 1.093 1.001 0.176
531657 Sandy
3 2987983 6.37 7844 1952 194 Gravel 636 6.38 2.116 0.5 -0.02
531339 Muddy
4 8.23 78.61 18.48 291 Sandy 589 7.33 1.85 0.87 0.159
2986327
Gravel
529701 Sandy
5 2085437 10.68 346 2181 7473 Mud 598 6.30 433 1.8 -0.12
527443 Sandy
6 2982969 17.52 44.65 53.31 1.89 Gravel 1.97 3.10 0.69 1.65 0.9
525786 Sandy
7 2082654 19.28 43.1 523 499 Gravel 0.77 097 0.55 1.58 0.8
523917 Sandy
8 2981773 21.38 30.86 6534 573 Gravel 129 1.59 1.2 1.63 0.65
522943 Gravelly
9 2980932 22.67 2797 71.1 4.1 sand 1.18 1.83 0.99 1.61 0.21
522435 Gravelly
10 2980090 23.69 2847 7045 39 sand 1.00 1.21 0.61 1.59 0.56
521995 Gravelly -
11 2979938 24.16 38.78 48.16 13.06 sand 0.01 1.00 3.26 0.84 0.25
521546 Gravelly
12 2979542 24.80 18.11 79.73 2.16 sand 047 1.02 1.7 1.16 -0.25
Slightly
520544 Gravelly
13 2980014 26.01 13.27 5238 3435 Muddy 2.80 3.80 3.48 0.71 0.12
Sand
Slightly
515226 Gravelly
14 2979604 32.99 796 3043 30.87 Sandy 483 5.01 3.57 0.87 -0.48
Mud
Slightly
514092 Gravelly
15 2980111 34.46 52 31.6  63.28 Sandy 500 5.62 3.98 1.33 -0.16
Mud
512313 Sandy
16 2978799 37.42 346 2181 7473 Mud 598 6.20 433 1.80 -0.12
508204 Sandy
17 2980345 42.09 1.57  38.58 59.84 Mud 537 7.20 2.59 0.78 -0.32
504219 Sandy
18 2979207 50.92 134 246 762 Mud 6.29 7.00 3.60 2.87 -0.20
503394 .
19 2977727 53.14 033 559 9408 Silt 690 7.03 1.42 1.74 0.10
502650 .
20 2977399 55.26 0.41 7.79 918 Silt 6.71 7.15 2.6 3.79 0.21
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Table 2. Interpretation of sediment textural parameters.
Sample Sorting Sorting Kurtosis Kurtosis Skewness Skewness
No. (o) Description (o) Description (o) Description
1 2.129 Very poorly 1.12 Leptokurtic 0.20 Fine-kewed
sorted
2 1.093 Poorly sorted 1.001 Mesokurtic 0.176 Fine-skewed
Very poorly Very Nearly
3 2.116 sorted 0.50 platykurtic -0.02 symmetrical
4 1.85 Poorly sorted 0.87 Platykurtic 0.159 Fine-skewed
Extremely Very
5 4.33 poorly sorted 1.80 leptokurtic -0.12 Coarse-skewed
Moderately Very Strongly fine-
6 0.69 well sorted 1.65 leptokurtic 0.90 skewed
Moderately Very Strongly fine-
7 0.55 well sorted 1.58 leptokurtic 0.80 skewed
Very Strongly fine-
8 1.20 Poorly sorted 1.63 leptokurtic 0.65 skowed
Moderately Very .
9 0.99 sorted 1.61 leptokurtic 0.21 Fine-skewed
Moderately Very Strongly fine-
10 0.61 well sorted 1.59 leptokurtic 0.56 skewed
11 3.26 Very poorly 0.84 Platykurtic 0.25 Fine-skewed
sorted
12 1.70 Poorly sorted 1.16 Leptokurtic -0.25 Coarse-skewed
13 3.48 Very poorly 0.71 Platykurtic 0.12 Fine-skewed
sorted
14 3.57 Very poorly 0.87 Platykurtic -0.48 Strongly coarse-
’ sorted ’ Y ’ skewed
15 3.98 Very poorly 1.33 Leptokurtic -0.16 Coarse-skewed
sorted
Extremely Very
16 4.33 poorly sorted 1.80 leptokurtic -0.12 Coarse-skewed
Very poorly . Strongly coarse-
17 2.59 sorted 0.78 Platykurtic -0.32 skewed
Very poorly Very
18 3.60 sorted 2.87 leptokurtic -0.20 Coarse-skewed
Very Nearly
19 1.42 Poorly sorted 1.74 leptokurtic 0.10 symmetrical
20 2.60 Very poorly 3.79 Extremely 021 Fine-skewed
’ sorted ’ leptokurtic ’
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Figure 10. Sedimentary facies identified in the Sarney River.
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Table 3. Architectural elements identified in the Sarney River.
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